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Technician at the Division of 
Water Purification, Bureau 
of Water, Chicago, Illinois, 

at the controls of the 
electron microscope. 


Photomicrograph of coliform 
bacteria, greatly magnified. 


At Chicago’s Division of Water Purifi- 
cation, incubated water samples are 
studied with the RCA Electron Micro- 
scope to reveal the presence of coliform 
bacteria denoting contamination. 


According to John R. Baylis, Engineer of 
os Water Purification at the South District 
; Filtration Plant, “Use of the RCA Electron 

Microscope in bacteriological analysis 

shortens the traditional procedure by two 

days. This fact is most important in testing 

the sterilization of new mains and in the 

case of disasters where the maintaining 
: of emergency water supplies is vital to 
community welfare.” 


For further information write to Dept. 


Bacteriological Analysis of Water 
is Speeded in Disasters 
..» By RCA Electron Microscope 


Where vital analysis and research work 
requires the higher magnification and 
resolution of the electron microscope, 
RCA offers two types, the EMU-3 and 
EML-1. These basic research tools provide 
magnification from 1400X to 30,000X, 
and useful photographic enlargement to 
300,000X and aber. Both the new 
EMU-3 and EML-1 can be changed over 
from electron microscopes to diffraction 
cameras by merely pressing a button, and 
the same specimen suitable for micro- 
graphing can often be used for the diffrac- 
tion picture. 


National installation and service on all 


RCA Electron Microscopes are available 
from the RCA Service Company. 


T-104, Building 15-1, Radio Corporation of 


America, Camden, N. J. In Canada: RCA VICTOR Company Limited, Montreal. -' 
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DeRobertis, Nowinski & Saez - 
General Cytology 


This is a synthesis of the most important aspects of cellu- 
lar structure and function as encountered in man and 
animals. 


It is a modern approach to cytology which considers 
the static methods of fixation and staining and explores 
the ultrastructure of the cell. 


The authors use methods of physics, chemistry and 
biochemistry to interpret the nature of intracellular 
processes and functional significance of cellular struc- 
ture. Morphological, physiological and genetic aspects 
are clearly covered. 


Elementary in presentation but adequate and modern, 
this text is excellent for college courses. The well-estab- 
lished facts concerning cytology are emphasized and 
discussions on unsettled theories avoided. Some discus- 
sions in the Second Edition are: Sex determination, 
heredity, cell respiration and metabolism. 


All forms and methods of x-ray diffraction and micros- 
copy, including the use of the electron microscope, are 
clearly described. 


Among the 162 excellent illustrations are some of the 
finest electromicrographs ever published. 


By E. D. P. DeRosertis, M.D., Head of the Department of Cell Ultra- 
structure, Institute for the Investigation of Biological Sciences, Montevideo; 
W. W. Nowrnsk1!, Ph.D., Associate Professor of Biochemistry, University of 
Texas Medical School, Galveston; and Francisco A. Saez, Ph.D., Head 
of the Department of Cytogenetics, Institute for the Investigation of Bio- 
logical Sciences, Montevideo. 456 pages, with 162 illustrations. $7.75. 
Second Edition! 


Dodson - 
Textbook of Evolution 


Sound and comprehensive in content, this book presents 
today’s understanding of organic evolution. 


The approach is scientific and all interpretations are in 
strict accord with current biological concepts. 


In general, the author has woven into a solid logical 
framework (1) a summary of the traditional viewpoints 
on evolution with (2) a synthesis of the newer view- 
points, principally from the field of genetics. 


The text is divided into five major parts: 


Part I, A Definition of Evolution outlining the history 
of evolutionary thought and the various means by which 
we acquire evolutionary knowledge. 


Part II, Phylogeny, tracing the evolution of higher 
categories in the plant and animal kingdoms. 


Part III, The Origin of Variation discussing the mode 
of origin of those hereditary variations. 


Part IV, The Origin of Species covering the develop- 
ment of discontinuities within a series of varying 
organisms. 


Part V, Summary. 


By Epwarp O. Dopson, Associate Professor of Biology, University of Notre 
Dame. 419 pages, with 101 illustrations. $5.00. 
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Spinco Model H Electrophoresis-Diffusion Instrument 


Electrophoresis - Diffusion facilities for high-precision research uses are combined in the 


Spinco Model H Electrophoresis-Diffusion instrument, illustrated. Having multiple optical 
systems arranged for rapid and efficient use, an optimum of automatic controls, and a single- 


unit construction, the instrument features ease and convenience of operation. 


With the development of this unit, reliable, reproducible laboratory procedures 
are routine in the isolation, separation, and identification of materials having electrically 
active particles. New applications are constantly developing in the fields of complex-colloid 


analysis, production control of purified proteins, and the discovery of new factors. 


For data on this new instrument, or on Spinco ultracentrifuges—the world-wide 


standard in their field—write: 


SPINCO 


BECKMAN INSTRUMENTS, INC. 
BELMONT 5, CALIFORNIA 
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designed for the professional... 
LEITZ LABOLUX micROSCOPE 


Scientists, physicians and technicians who must work for long periods 
with a microscope will appreciate the new Leitz LABOLUX with its 
fatigue-free operation, precision optics and unexcelled dependability. 


Send for LABOLUX 
brochure today. 
See and examine the 
new Leitz LABOLUX 
microscope soon. 


©. LEITZ, INC., 466 FOURTH AVENUE, NEW YORK 16, 
Oistributors of the world-famous products of Ernst Leitz, Wetziar, Germany 


LENSES + CAMERAS + MICROSCOPES + BINOCULARS 


e Stage—instead of tube—moves for focusing. 


@ Individual coarse and fine adjustments are combined 
in a single, clutch-operated control knob. 


@ All controls including those for the mechanical stage 
in low position for fatigue-free operation. 


e Can be used facing away from observer, for greater 
accessibility of all controls. 


e Pre-aligned substage illuminator or mirror. 


e Retractable spring mounts in objectives prevent 
damage to lens and slides. 


@ Inclined binocular body tube interchangeable with 
monocular tube for photomicrography. 


&. Leitz, inc., Dept. SC-8 
466 Fourth Ave., New York 16, N.Y. 


Please send me your brochure on the new Leitz 
LABOLUX. 
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U.S. Patent No. 2-629-230 


The New TECHNI-FREEZE Refrigerating Unit 


The cost of operating the electrically-powered 
Techni-Freeze Unit compares roughly to the 
cost of lighting a 50- watt incandescent 


Instant Freezing light bulb. 


Action Techni-Freeze operates with quick, quiet, 

oa clean efficiency. A snap of the compressor 

switch in the morning places the unit ina 

state of constant readiness. The Techni-Freeze 

Lower Operating refrigerant, Freon, circulates throughout the 

Costs unit and will hold temperatures ranging from 
e —20°F. to —40°F. 


Techni-Freeze eliminates many disadvantages 
Elimination of co, which are well known to pathologists using the 


Tank Handling old CO, refrigerating method. Serious delays 
Problems due to low pressure and tank switch-over are 


avoided by use of Techni-Freeze, which 
clearly registers temperatures. 


Scientific Biedacts Division 


AMERICAN HOSPITAL SUPPLY CORPORATION 


For Use with Freezing Microtome 


Techni-Freeze is a refrigerating unit of high perfection for every modern hospital, 
clinic, or laboratory. It is used for freezing tissue for histologic diagnosis. 


The introduction of Techni-Freeze to the 
pathological laboratory results in new effi- 
ciencies which are readily appreciated by 
technicians. Awkward CO, tank handling is 
no longer necessary; disturbing CO, gas 
pressure noises are obviated by use of the 
Techni-Freeze; contamination of air and 
instruments is completely eliminated once 
Techni-Freeze is placed into service. 


Housed in a sturdy enameled steel cabinet, 
the Techni-Freeze has all controls conveniently 
located with gauges and controls on the front 
panel. The freezing head is designed to fit all 
microtomes in common use, such as: Bausch 
& Lomb, American Optical, Spencer and 
Sartorius. 


New York + Chicago + Kansas City + Minneapolis + Atlanta + Washington + Dallas + Los Angeles + San Francisco’ 
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at the present time. 


such articles in 1954. 


tive categories differed from those of the earlier article. 


released. 


a survey as soon as the U.N. asked for it. 


D.W. 


its future. 


The generally existing concern over the lack of detailed information on 
the biological and other effects of radiation led the AAAS Council last 
December to instruct the Association’s president to name a committee to 
study and report on that problem. Shortly thereafter the National Academy 
of Sciences announced the initiation of a similar, and much better financed, 
study. After some debate on the probability of duplication of effort, the 
Directors recommended, and the Council agreed, that the AAAS should 
keep watch over developments, but should not institute a study of its own 


There has been a good deal to watch, for 1955 has seen the publication 
of much more information than was made available in 1954. AEC commis- 
sioner Libby’s speech in Chicago on 3 June has been widely noted and 
quoted. As a closer-to-home example, Science so far this year has published 
half a dozen articles on the effects—chiefly biological effects—of radiation, 
and will publish more on this topic. In contrast, there were practically no 


Some of the information is puzzling and requires careful interpretation. 
Official statements have sometimes been criticized as unveiling only enough 
to start people guessing. A recent Science article on fallout was difficult to 
compare with a 1953 article on the same topic because the units and descrip- 


It is likely, however, that more precise information will become available. 
An AEC press conference called to inform reporters about the International 
Conference on the Peaceful Uses of Atomic Energy included an interesting 
colloquy between several of the reporters and the AEC representatives. Was 
there, the reporters wanted to know, any information that had been declassi- 
fied so that it could be used in papers to be given at the Geneva meeting? 
No, the AEC officers replied. Was there, the reporters persisted, information 
in some of those papers that had not been made public before? Yes. The 
AEG, its officers explained, was constantly declassifying information; some 
would be released for the first time at Geneva; but it had not been declassi- 
fied for the express purpose of using it at Geneva. That was probably the 
only answer that could or should have been given. Reports coming from 
Geneva indicate that a considerable amount of information has been 


Interest in radiation effects is so widespread that an international study 
now appears probable. Ambassador Henry Cabot Lodge announced at the 
U.N. commemorative meeting in San Francisco that the United States 
would propose to the U.N. the collection and distribution of information 
on the effects of radiation on human health and safety. Luther Evans, direc- 
tor general of UNESCO, announced that UNESCO was ready to start such 


Information on the effects of radiation on plant, animal, and human 
life is of immense and proper concern to a society that must contemplate 
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BAUSCH & LOMB 


MICRO-PROJECTOR 


Projects vivid true-color 
screen images for a solid hour 
without interruption ! 


Just flick the lever for instant 

choice of screen magnifica- 

tions from 20X to 3000X (at 

12 feet). You get the right light 
. automatically ... because when you 


select an objective its matched condenser Basic Illuminating Stand can be used, as shown 
moves into perfect alignment. Screen images are here, with any microscope which has a substage 
bright and clear, critically detailed. Automatic elec- condenser. Complete 

tronic-feed arc lamp assures uniformly intense light with built-in clamp- 

for 60 minutes of uninterrupted viewing—you con- ing device, built-in 

centrate on the screen, not on the instrument. Effi- fixed mirror, Balcot- 

cient heat-control system eliminates need for color- ed projection eye- 

distorting coolants ... assures true-color images. piece, prism and 

Complete, $1195. light shield, $376. 


See for yourself in 
FREE DEMONSTRATION! 


WRITE today for your free demonstration and for your 
copy of informative Catalog D-246. Bausch & Lomb Opti- 
cal Company, 64272 St. Paul St., Rochester 2, New York. 


America’s only complete optical source... from glass to finished product. 
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Food for the Future 


When the problem of food for the 
future is under discussion, a standard 
question concerns the extent to which 
science can assure that future generations 
will be able to enjoy an adequate stand- 
ard of living from the point of view of 
nutrition. However, this would seem to 
be only part of the problem, since suffi- 
cient food for society is the concern not 
of the scientist alone but of all mankind. 
There should thus be two parts to the 
question: namely, what are the responsi- 
bilities of society in assuring an adequate 
food supply, and how can science be ap- 
plied most effectively to this end? 

Many competent individuals, princi- 
pally demographers, biologists, and con- 
servationists, are deeply preoccupied by 
the problem of maintaining a balance be- 
tween food supplies and a rapidly in- 
creasing world population. It is not sur- 
prising that their conclusions range from 
the dismal one, that the world cannot 
support foreseeable increases in popula- 
tion, to the opposite extreme that a world 
population of 10 billion or even more 
could readily be supported from known 
resources. The pessimists and optimists 
both contribute importantly to our un- 
derstanding of the world’s problems, and 
both should be listened to with respect. 
However, we may be placing too much 
emphasis on the issues of tomorrow, while 
overlooking the importance of those fac- 
ing us now. It seems somewhat unreal- 
istic that we should be more concerned 
about generations as yet unborn than 
with those living today in substandard 
conditions. This is a little like worrying 
about educational opportunities for pos- 
terity while keeping one’s own children 


Dr. Harrar is director for agriculture of the 
Rockefeller Foundation, New York. This article 
is based on a paper that he gave on 27 Dec. 1954 
in Berkeley, Calif., in the symposium on ‘Natural 
resources: power, metals, food,”’ which comprised 
the first part of the AAAS symposium Science and 
Society. Other papers from the large symposium 
appeared in the issues of 13 May and 17 June. 
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home from school. If we can meet our 
immediate challenge successfully we will 
be better prepared to cope with the still 
larger populations to come. 

Unfortunately there is a widespread 
attitude that problems of food produc- 
tion are “agency” responsibilities and are 
not the concern of all the instrumentali- 
ties of our society. Both present and fu- 
ture food requirements involve coordina- 
tion between those agencies struggling 
to accomplish concrete results and those 
responsible for the political, economic, 
educational, and religious leadership of 
the world’s citizenry. Each discipline and 
each aspect of human concern inescap- 
ably impinges on the others; and unless 
all these are intelligently linked, diver- 
gencies in opinion, objectives, and activi- 
ties will inevitably result and will seri- 
ously impede progress. 

We cannot continue to take for granted 
that increased food production is the ex- 
clusive worry of the scientist and that it 
is his obligation to find ways to satisfy 
growing needs and to enable mankind 
blithely to pursue thoughtless and care- 
less practices in the utilization of natural 
resources. On the contrary, scientists can 
carry out their part in the total scheme 
only when they are working as one seg- 
ment of society in harmony with the 
others. When each group and each indi- 
vidual accepts responsibilities relative to 
food for the future then we can make 
progress, and many of our present fears 
will disappear. In part, what demogra- 
phers and scientists mean when they 
speak pessimistically about future food 
supplies is that conditions will grow 
worse if we blindly go on as we are in 
the face of an alarming population in- 
crease. This fear is justified, but need we 
go on as we are? . 

It is useless to expect that all the world 
will soon reach the standard of living en- 
joyed today by the more favored areas 
of the world, and we can only hope to 
have improvements within the limita- 
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tions of the areas concerned. Some coun- 
tries can continue to look forward to tre- 
mendous agricultural developments and 
increasing standards of living. Certain 
others must face the fact that they do 
not have large reserves of natural re- 
sources and will have to hold or improve 
their positions in the world community 
largely through the production of goods 
and services. Isolated material gifts to 
the less fortunate countries offer no per- 
manent solution to their food problems, 
but types of aid that will enable them to 
join the other nations on a proportion- 
ately equal basis have great promise. 

One of the surest ways to get at those 
difficulties involved in feeding present 
and future generations is through educa- 
tion. An uneducated public cannot read- 
ily understand problems that are not of 
visible, immediate, and local impact. 
Such people may be led in devious di- 
rections because of their inability to reach 
independent judgments and to appreci- 
ate the real consequences of their acts. 
Thus, food production is severely handi- 
capped in areas where the farmers have 
not enjoyed the benefits of education. It 
is not to be expected that we can have 
anything approaching full agricultural 
production until those who till the soil 
are capable of making intelligent use of 
the improvements that modern agricul- 
ture brings. The basic approach to “food 
for the future” is not through the distri- 
bution of more plows but rather through 
the wider dissemination of knowledge. 
One may argue that if we follow the long 
route of general education, delays are in- 
evitable and progress will be slow. Such 
delays, however, are insignificant in 
terms of “world time.” The fact that 
educational benefits have thus far reached 
only small segments of society makes it 
all the more imperative that they be ex- 
tended as rapidly as possible. Interim 
advances in crop production can be ex- 
pected, but these will be small compared 
with the total benefits that can accrue 
when sound, mass education becomes the 
rule. 

Real progress in mass education will 
lay the groundwork for other significant 
developments. For example, one of the 
greatest existing social problems is to be 
found in the limitations of rural life and 
particularly in the role of women in farm 
communities. The influence of rural 
women is vital to community progress, 
but as long as many millions of women 
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are relegated to the role of farm labor- 
ers (as is tragically true in many parts 
of the globe) much of what they have to 
contribute to family life and to the train- 
ing of children is lost to society. Instead, 
society receives only the meager product 
of unskilled labor. If the future is to be 
better, this situation will have to be 
changed so that coming generations will 
benefit from social values learned in the 
home, from mothers with at least basic 
education. At present there is an under- 
standable monotonous similarity, from 
generation to generation, throughout un- 
derdeveloped areas where tradition, 
rather than initiative, rules. 

The economics of food production and 
distribution is still largely in the theoreti- 
cal stage, and the great benefits to be 
gained from the general application of 
sound economic theories lie ahead. In 
many parts of the world landholding and 
tenure systems are economically un- 
sound, and these are most difficult to 
change. Under the system of latifundia, 
vast acreages lie uncultivated; whereas, 
by contrast, there are other regions in 
which the cultivation of tiny plots has 
become so intensive as to approach 
“flower pot” farming. These extremes 
may be the natural results of local pat- 
terns derived from varying degrees of 
population pressures, and we can never 
hope to approach maximum potential 
production until education and econom- 
ics combine in support of scientific agri- 
culture. Stable currencies and price poli- 
cies, adequate agricultural credit, and 
proper marketing, all are of vital impor- 
tance to a successful pattern of crop pro- 
duction, distribution, and _ utilization. 
When this is generally understood and 
accepted by society, there can be hope 
that all the people will be adequately 
fed and that the fruits of their labors 
will provide them with greater comforts 
and opportunities. 

Another influence that profoundly af- 
fects food production is applied political 
science. Since political leaders publicly 
accept responsibilities for guiding the 
temporal thinking of the peoples of the 
world, their moral burdens are heavy. If 
we are to have food for all, political 
leaders will necessarily become increas- 
ingly aware of the importance of a 
balance between enlightened national- 
ism and internationalism. Otherwise, in- 
equalities in one area may become ex- 
plosive and create disturbances that may 
eventually become world-wide. Here 
again, the education and judgment of 
society are the most significant factors, 
especially since in many parts of the 
world democratic procedures prevail, 
and we select our own leaders for better 
or for worse. Able political leadership is 
usually available and will continue to be, 
but we must exercise our franchise with 
skill and perception if we are to provide 
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ourselves with leadership of the quality 
necessary to meet the basic human prob- 
lems. 

The role of religious leadership in the 
solution of the problem of food for the 
future cannot be overestimated. Lack of 
understanding among religious leaders 
and reluctance to broaden the interpre- 
tation of their theologies in the light of 
increasing knowledge could be a serious 
obstacle to attaining a balance between 
populations and food production. It 
would seem, therefore, that the leaders 
of all faiths have the opportunity and 
obligation without sacrificing spiritual 
values to guide their adherents toward 
the understanding that, regardless of 
creed, human rights are equal and that 
they must be jealously protected. And 
human rights are not merely the right to 
a minimum of food, clothing, and shelter 
but rather to all of these on a reasonable 
scale plus opportunity in the form of 
education and the chance to participate 
in social progress. : 

Before the public demands greatly ex- 
panded production from agriculture it 
should take a hard look at its own respon- 
sibilities with regard to conservation of 
natural resources. In underdeveloped 
areas, essentially all of the limited agri- 
cultural products are utilized because of 
the demand for food by an underfed 
population; but losses to production 
through failure to take maximum advan- 
tage of available potentials are a serious 
permanent source of waste. Examples are 
the use of low-yielding varieties, poor 
cultural practices, inadequate control of 
pests, diseases and weeds, and failure to 
use fertilizers where they are needed for 
increased yields, Agricultural scientists 
could correct essentially all of these con- 
ditions in underdeveloped areas, but to 
be effective their activities would have 
to be preceded or paralleled by improve- 
ments in public health, education, and 
other social developments. 

In areas where agricultural practice is 
most advanced, there is also the greatest 
waste of food. This may in part be an 
effect of economic situations that pro- 
duce unused surpluses, but it is also the 
result of domestic habits that lead to 
waste. Perhaps our Own country presents 
the most glaring example of this pattern, 
and it has been estimated that each year 
we throw away enough food to support 
10 to 15 percent of our present popula- 
tion. Since the vast bulk of household 
food wastes is dumped or burned rather 
than recovered for agricultural or in- 
dustrial purposes, their loss is total. The 
same situation prevails with reference to 
human wastes, which should be used ad- 
vantageously in completing the food 
cycle. It seems incongruous to put heavy 
pressure on scientists, farmers, and re- 
sources to increase food production with- 
out requiring of society a commensurate 


sense of responsibility for the conserva- 
tion of these products so that they will 
make maximum contributions to human 
nutrition. Similarly, we cannot complain 
of mounting costs and failing supplies of 
food and at the same time use them 
wastefully and continue to destroy for- 
ests, erode tremendous acreages of arable 
land, pollute rivers and lakes, and throw 
away large quantities of fossil fuels. 

Many persons believe that we can 
meet the future with assurance, insofar 
as the technical aspects are concerned. 
Abundances of agricultural products can 
be obtained that would far exceed pres- 
ent expectations, if scientists are given a 
wide opportunity by society to apply 
their knowledge and ingenuity. There 
are two requisites: first, public support 
of pure science that will permit continu- 
ous and increased fundamental investiga- 
tion of the laws of nature so that man’s 
intellectual horizons may be constantly 
broadened; second, an opportunity for 
scientists to transmute basic knowledge 
into applied science, and this must be 
provided rapidly and be made widely 
available without restriction. Through 
the intelligent application of technical 
advances, an educated public can under- 
take to feed itself without the wanton 
destruction of the limited natural re- 
sources that are needed also to serve the 
generations to come. 

If we assume that society in general 
will eventually meet its responsibilities 
relative to food for the future (and this 
is a major assumption), then we should 
carefully examine the responsibilities of 
science. First, the scientist must gain the 
confidence of nonscientists so that these 
two sectors of society will not be sepa- 
rated by barriers of fear or misunder- 
standing. Real progress is being made in 
this direction, and certainly the medical, 
agricultural, and other biological 
ences are generally viewed as powerful 
social assets rather than as liabilities. A 
long and thoughtful view similarly con- 
vinces one that the chemical and physical 
sciences are equally beneficial, although 
the public may at times be appalled at 
the temporary use to which certain ad- 
vances are put. It is an essential element 
of the scientific faith that, on a long- 
range basis, such developments always re- 
dound to the benefit of mankind. 

We must certainly look to the physical 
sciences for our future supplies of energy, 
and nuclear energy may one day prove 
to be a general source of power. Progress 
is most rapid when vast amounts of 
energy are consumed, and the present 
hope is that power from nuclear fission 
will eventually replace that from other 
sources and make fossil fuels unimpor- 
tant. Up to the present, however, man- 
kind has derived essentially all his useful 
energy either directly or indirectly from 
the sun. Fortunately green plants were 
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busy storing solar energy on the earth for 
many eons before man came along, and 
our great heritage of fossil fuels, in con- 
junction with the radiant energy that the 
earth receives every day, is materially re- 
sponsible for human progress. Thought- 
ful persons are alarmed at the rate at 
which we are exhausting our fossil-fuel 
reserves, and the most optimistic esti- 
mates give the world less than 200 years 
during which it may draw necessary 
power from coal and petroleum. If we 
are to continue to develop agriculture 
and industry, we must have sustained 
sources of energy on an increasing scale, 
and unless these are forthcoming, other 
questions become academic. 

Significant progress has been made in 
learning to control nuclear reactions for 
the release of usable energy. There are 
many technologic and economic factors 
that must be overcome before any transi- 
tion from conventional sources of energy 
to nuclear sources is accomplished on a 
large scale. There may be very much 
more or much less fissionable material 
than is currently estimated or there may 
be other conversion methods that may be 
brought into use. It has been suggested 
that we may eventually learn how to du- 
plicate the sun’s feat of converting hydro- 
gen to helium with a resultant tremen- 
dous energy release in the form of gamma 
radiation. Any such speculation seems 
fantastic at the present time, even though 
the necessary raw materials are available 
in unlimited quantities. However, most 
major scientific developments seemed 
fantastic and remote before they became 
realities. 

For many years man has dreamed of 
harnessing free sources of energy, includ- 
ing the sun, wind, tides, volcanoes, and 
thermal gradients of the sea. Many in- 
genious solar engines, heat pumps, heat 
exchangers, wind converters, and tide tur- 
bines have been designed and used with 
varying degrees of success. All these 
mechanisms merit further investigation, 
but only the sun holds promise of pro- 
viding mankind with quantities of energy 
of the magnitude we must have in order 
to continue our progress. We may have 
been lulled to a false sense of security 
by our knowledge of the present reserves 
of oil, coal, and fissionabke materials and 
have failed to place proper emphasis on 
research leading to the quantitative con- 
version of solar energy to forms usable 
in industry and agriculture. All the 
known reserves of coal, petroleum, and 
wood barely equal the total solar energy 
that reaches the earth every 48 hours, 
and conversion of relatively minute 
quantities to usable forms would solve 
our future energy problems indefinitely. 
The sooner we learn to use this resource, 
initially as a supplement, the better will 
be our position when at last it becomes 
our only major free source. It seems 
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doubtful that the most effective way of 
trapping and storing solar energy is 
through vegetation, since photosynthesis 
itself is an inefficient process. Surely we 
can devise more efficient methods, and 
ultimately it should be possible to con- 
vert immense quantities of solar energy 
to forms that can be used immediately 
or stored for future power demands. 

Regardless of technologic advances in 
other fields, we are going to be practic- 
ing agriculture for a long time, and we 
should learn to practice it more effi- 
ciently, if we expect to meet growing 
food requirements. Even though conven- 
tional agriculture as we now know it can 
solve present and proximate food de- 
mands, it can be further improved to the 
end that the possibility of a diminish- 
ing food supply can be pushed back in 
time. This will be accomplished as the 
result of continuous fundamental inves- 
tigation of natural phenomena, with re- 
spect to both the physiology and bio- 
chemistry of living cells and the interre- 
lationships between living forms and 
their environment. We have made ex- 
traordinary progress in agriculture by 
taking advantage of knowledge gained 
through basic research, but past applica- 
tions will seem crude in comparison with 
refinements that may be expected in the 
future. 

Conventional agriculture as it exists 
today is a far cry from the pattern of 
50 or even 25 years ago. Among the most 
spectacular developments have been the 
mechanical aids. It is possible in a single 
operation to prepare a seedbed from un- 
plowed land; plant, fertilize, and culti- 
vate growing crops with the same piece 
of equipment, and dig root crops, pick 
corn, cotton, and hops; or harvest beans, 
cereals, and peas with mechanical de- 
vices. Harvested crops may then be 
washed, cleaned, frozen, or dried, and 
packed by other machines. These and 
other engineering advances have made it 
possible to produce uniform crops, to 
harvest them at exactly the right mo- 
ment, and to handle huge quantities of 
products with minimum labor. Each year 
new and improved appliances are devel- 
oped which enable the individual farmer 
to produce larger quantities of food more 
efficiently and at significantly lower cost. 
And a sound pattern of agricultural pro- 
duction always stimulates and supports 
industrial developments that absorb sur- 
plus farm labor. 

The application of chemistry to agri- 
culture has revolutionized farming. 
Chemical control .of diseases and pests 
has reduced the annual crop losses sig- 
nificantly, and it is now possible to elimi- 
nate many weed species in cultivated 
crops without damaging the economic 
species. We can defoliate plants with one 
group of chemicals, hold fruit longer 
with others, and induce the production 


of seedless varieties of fruits with still 
others. There is also promising evidence 
that minute quantities of chemicals may 
function as protective agents within 
plant cells to destroy viruses and to re- 
sist attacks by fungi and insects. It is also 
possible that systemic chemicals may 
stimulate plants to produce larger quan- 
tities of stored food or valuable medicinal 
or industrial compounds. Similarly, it 
should be possible to improve both the 
quantity and quality of milk, meat, and 
eggs through the use of chemicals. 

The science of genetics has proved 
tremendously useful in plant and animal 
improvement, and varieties of corn, vege- 
tables, fruit, small grains, poultry, swine, 
and cattle are far superior as a result. 
The modern geneticist is a sort of bio- 
logic tailor who fits varieties to a specific 
environment, using such techniques as in- 
duced polyploidy, multiple topcrossing 
and backcrossing, to obtain and fix de- 
sirable characteristics and produce 
blended progenies. In recent years the 
phenomenon of hybrid vigor has been 
advantageously employed to increase 
yields, and the most spectacular example 
of heterosis is to be found in hybrid corn 
production. As the science of genetics 
becomes better understood, new benefits 
may be expected, such as increased quan- 
tities of usable products per plant, higher 
amino acid content, the development of 
dwarf varieties with increased produc- 
tion efficiency, as well as plants and ani- 
mals endowed with greater tolerance to 
drouth, temperature fluctuations, and 
parasites. 

The soils problems involved in crop 
production are better understood than 
ever before. This is true not only with 
regard to the role of soil biology, which 
has long been an almost complete mys- 
tery. New fertilizer techniques promise 
still greater average yields, and it is ex- 
pected that progress in understanding the 
interaction of soil microflora and fauna 
will be proportionately greater during the 
next several decades. Another promising 
approach is the direct application of nu- 
trients to foliage as an effective and 
economical way of feeding crop plants. 
Nutrient elements may be injected into 
the moist soils or incorporated into irri- 
gation water with economic benefits, and 
chelating agents and soil conditioners 
are being widely tested in the hope that 
they may contribute toward increased 
average yields. And finally, soil sub- 
stitutes in combination with nutrient 
solutions have demonstrated that under 
certain conditions hydroponics offer im- 
portant opportunities for supplementing 
food production. Whether or not multi- 
storied hydroponics gardens will, as has 
been suggested, be commonplace in the 
future will depend largely upon economic 
factors. 

Certain of the techniques of modern 
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atomic physics offer fascinating possi- 
bilities for penetrating more deeply into 
the mysteries of cellular metabolism. The 
thus far limited use of the radioactive 
isotopes in tracer studies will in the 
future permit the further pinpointing of 
specific cellular activities and help us to 
understand them as parts of the metabo- 
lic process. The use of labeled elements 
singly and in combination permits the 
simultaneous study of chemical reactions 
within the cell. From investigations such 
as these we shall gain information that 
may help us to direct the potentialities 
of the cell toward the conversion of sim- 
ple substances into more complex com- 
pounds of value to man. Furthermore, 
when crop plants are subjected to irra- 
diations from atomic sources, spectacular 
changes may occur in metabolic proc- 
esses. The fact that irradiation may 
speed up the process of mutation im- 
mediately suggests this as a method to 
induce cellular changes that may be of 
benefit. Evidence from preliminary trials 
indicates that dwarfing, increased pro- 
ductivity, and greater resistance to cer- 
tain diseases may result from irradia- 
tion. Present methods are necessarily of 
the shotgun type, but as this tool becomes 
more refined it may be possible to use it 
more precisely and actually apply it for 
specific results. If, for example, such 
basic food crops as corn, wheat, and rice 
could become symbiotic nitrogen fixers, 
enormous increases in annual world 
yields would occur, with equally impor- 
tant reductions in costs of production. 
The phenomenon of symbiotic nitrogen 
fixation is peculiar to members of the 
legume family and a few other species; 
and why this should be true is a tantaliz- 
ing mystery. There are great possibilities 
that induced genetic changes in conven- 
tional crop plants might increase both 
the quantity and quality of food produc- 
tion. 

The use of microorganisms for the pro- 
duction of substantial quantities of food 
substances merits careful investigation. 
This might involve a direct approach 
through the use of chlorophyllous micro- 
organisms that are relatively efficient 
producers of proteins and fats and the 
employment of methods to stimulate the 
activities of those species that aid in the 
fixation of nitrogen and other nutrient 
elements in soil. There is already suffi- 
cient evidence to suggest that microor- 
ganisms offer promise both as direct and 
indirect food sources and in the economic 
conversion of human wastes to usable 


products. The gap between the costs of 
the production of fuel or food energy 
from microorganisms and from conven- 
tional sources is still great. But as im- 
proved techniques increase production 
and price levels rise, this gap will tend 
to narrow. It seems doubtful that algae 
will soon be a highly competitive source 
of direct food in most parts of the earth, 
but they may be sources of proteins and 
fat concentrates that would be of great 
value in the enrichment of foods and 
feeds. 

There is much current interest in the 
sea as a gigantic and relatively untapped 
food resource. At the moment, the 
amount of research going into marine 
biology is infinitesimal in terms of the 
food potentialities of the sea. But as we 
become more convinced of the impor- 
tance of the sea as a usable resource and 
understand its complexities, many tech- 
niques will be evolved that will enable 
us to harvest vastly more food from the 
sea than we do today. Land is the me- 
dium of the land-dweller, and conse- 
quently the sea seems foreign and diffi- 
cult. However, as our knowledge of the 
sea increases, ultimately it will be pos- 
sible to solve many of its secrets and to 
“farm” the sea more intensively for 
human benefit. 

Similarly, it is generally accepted that 
climate is capricious and uncontrollable. 
There is insufficient evidence, however, 
on which to base such a final conclusion, 
and there are at least possibilities that 
man can affect climatic trends in such 
ways as perhaps to improve both the 
quantities and distribution of rainfall. 
Any success in this area resulting from 
studies of cloud physics in relationship to 
air movements, temperature gradients, 
and natural barriers could have an ap- 
preciable beneficial effect on agricultural 
production. Rain water and ground 
water are at present our only sources of 
agricultural water and are insufficient for 
our demands. Effort must be made to 
conserve fresh waters, reclaim waste 
water from industry, and begin to convert 
sea water to semifresh water. At the 
moment the costs of partial desalting and 
transportation make this latter practice 
uneconomic for agricultural purposes. 
There is little doubt, however, that we 
shall eventually learn to process sea 
water efficiently, and when that time 
comes there will be an unlimited source 
of agricultural water available wherever 
such water can. be economically dis- 
tributed. 


Summary 


There is ample justification for con- 
cern about adequate food supplies for 
future generations of mankind, but this 
concern should be broadened to include 
the immediate problem of an adequate 
standard of living for the world’s present 
population. The successful solution of the 
immediate problems would furnish the 
best background of experience for meet- 
ing those that will arise in the future. 
First steps include the acceptance by so- 
ciety of responsibilities for the extension 
of the benefits of education throughout 
the world and provision for the type of 
scientific, economic, social, political, and 
religious leadership necessary to assure 
food for all on a continuing basis. 

Striking improvements in the food 
supply can be readily made through the 
application of present knowledge, if the 
foregoing conditions are met. The rapid 
pace of modern science, both pure and 
applied, gives promise that future bene- 
fits may be much greater than those thus 
far experienced. Current advances do 
not signal the end of a technical road but 
rather that the great scientific develop- 
ments still lie ahead. If we have the 
intelligence and wisdom to recognize hu- 
man responsibilities and to make con- 
structive use of our natural and human 
resources, we can look forward to a bet- 
ter world in the future and improved 
standards of living for all. 
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Minerals for the Future 


Since we became an industrial com- 
monwealth, with the colossal appetite for 
raw materials inherent in such a way of 
life, the more farsighted among us have 
been haunted by the realization that 
minerals do not grow, at least over peri- 
ods short enough to relate to the rate of 
depletion. 

A moment's reflection on how all 
groups in our national life pin their hopes 
on the concept of an ever-expanding 
economy, will make one realize how 
widespread the consternation would be 
if it should become apparent that lim- 
ited mineral supplies forebode a shrink- 
ing economy. 

For more than a generation, uneasi- 
ness about depletion of minerals has 
caused numerous studies, largely under 
government auspices, directed at man- 
agement of our national affairs to avoid 
waking up someday to discover that the 
raw-material base for our burgeoning 
economy has been eroded away. 

Most of these studies have come up 
with ominous estimates of limited sup- 
plies which have stirred minor areas of 
public opinion, but the simple fact is that 
virtually nothing has been done in the 
way of altering our course. Because the 
older estimates have been proved to be 
unrealistic, a considerable group in the 
mineral industry scoffs at such studies. 

In addition to national considerations, 
certain even more farseeing and less na- 
tionalistic citizens have viewed the prob- 
lem on a world basis. If the rest of the 
world should otherwise be able to fulfill 
even partly its dream of industrialization 
and better living for all, and the world’s 
population grows to anything approach- 
ing the fantastic numbers that experts on 
population trends predict, these students 
of mineral problems wonder how the 
minerals can be provided to satisfy such 
staggering requirements. Will mineral 
supplies be the bottleneck to expansion 
of industrialization, and if so, is it likely 
that a scramble for the remainder will 
renew jungle law among nations and the 
devil take the hindmost? 


Mr. Just is vice president of the Cyprus Mines 
Corporation, New York. This article is based on a 
paper that he gave on 27 Dec. 1954 in Berkeley, 
Calif.. in the symposium on “Natural resources: 
power, metals, food,” which comprised the first 
part of the AAAS symposium Science and Society. 
Other papers from the large symposium appeared 
in the issues of 13 May and 17 June. 
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Evan Just 


The realization that mineral depletion 
is inexorable has led some tonservation- 
ists to the viewpoint that we should set 
aside a substantial portion of our known 
mineral reserve for posterity. Despite the 
warnings given in the afore-mentioned 
studies, little attention has been paid to 
this viewpoint. The consequences of such 
a course would be genuinely painful, and 
in the present decade the bogie of en- 
croaching Communism would be utilized 
as a sufficient excuse to postpone the day 
of reckoning. 

However, if the viewpoint is valid, and 
if some mineral reserves are as small as 
even 3 times the amounts estimated, the 
impact of depletion may not be a prob- 
lem for remote generations. Conceivably, 
unless our pattern of use is quite elastic, 
depletion might start to curb full-employ- 
ment expansionism in our children’s 
time. 

My own belief is that the means 
will be available to posterity to satisfy 
raw-material requirements for continued 
economic expansion and cultural prog- 
ress. Nevertheless, because many think 
that mineral scarcities are as close to us 
as to our children, it behooves us to take 
an analytic look. The practical aspects of 
the problem can be treated under the 
following five headings. 

1) What can we expect from scien- 
tific prospecting as a means of enlarging 
the total available amount of economic 
minerals? 

Despite extensive geologic study and 
research by both college-trained and ex- 
perience-trained men, it is still true that 
most of the mineral deposits in produc- 
tion today were found in or near outcrops 
by simple prospecting or by lucky acci- 
dents. Petroleum is an exception, and 
the finding of coal seams or other per- 
sistent sedimentary beds far from out- 
crops may be considered another. In the 
metalliferous field, the hope that geo- 
logic knowledge can be extrapolated to 
find hidden deposits has not yet borne 
fruit fo an important extent. Also, except 
for petroleum, geophysical science has 
not yet brought home rewards commen- 
surate with the efforts expended. 

This situation would be all right if we 
still had large virgin areas to reward sim- 
ple prospecting, but we do not. Most 
laymen would be astonished at the ex- 
tent to which areas they regard as virgin 
wilderness have been examined many 


years ago. Most geologists agree that the 
age of discovery by simple prospecting 
is drawing to a close, and that we have 
been lucky in the way that known pro- 
ductive deposits have continued to pay 
off. 

However, despite these forbidding ob- 
servations, it is my own opinion that we 
are on the verge of an era of discoveries 
by scientific prospecting. Geophysical 
and geochemical prospecting will bring 
most of the earlier successes, probably 
enough to take care of the needs of at 
least the rest of the 20th century. What 
geologic science may do from then on, 
either alone or in combination with some 
other science, is difficult to predict, but 
it is certainly apparent that geology will 
play a useful part in the application of 
geophysical and geochemical methods. 
Scientific prospecting can be applied to 
extensive areas that are potentially min- 
eral bearing but are covered with soil, 
alluvium, or glacial drift as well as to 
concealed deposits in proved areas. 

This optimism is based partly on suc- 
cesses in the oil industry, and partly on 
results that have been obtained in recent 
years in the metalliferous field. 

2) What can we expect from more 
efficient extraction and processing? 

Our generation has benefited im- 
mensely from the efforts of an army of 
technical men who have continuously 
strived—successfully—to get more from 
deposits, to process lower grade or more 
refractory material, or to make utiliza- 
tion more efficient. These gains have been 
so continuous that many of us have been 
inclined to take them for granted. 

That they will continue cannot be 
doubted, and in some cases the results 
will no doubt be as startling as the pro- 
duction of magnesium from sea water— 
a limitless source. For example, it re- 
quires only ordinary imagination to vis- 
ualize in an atomic age the extraction of 
iron, magnesium, silicon, aluminum, 
soda, lime, and potash from such limit- 
less sources as the common rocks if ne- 
cessary. On the other hand, it can hardly 
be foreseen that technology will make 
such elements as copper, lead, zinc, 
nickel, chromium, manganese, titanium, 
tungsten, cobalt, tin, or the rare metals 
commercially extractible from such 
rocks. These conclusions bring us sharply 
up against the question: “Does a progres- 
sive civilization have to have the second 
group if it has access to limitless supplies 
the first? 

3) What can we do about reclamation 
of minerals and metals from wastes of 
various sorts? 

Every adult person has been shocked 
in his time by the destructive aspects of 
an expanding, free economy, the devas- 
tation of the forests, erosion of the soil, 
pollution of water and air, and the ap- 
proaching exhaustion of our finest min- 
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eral deposits. Yet we can regrow forests 
if we save the soil, we can purify water, 
and we can rebuild soil—or even grow 
plants without it. We can also reclaim 
mineral wastes previously tossed aside or 
left behind. 

How many of us are equally shocked 
at the reckless waste of metals and min- 
erals that goes on about us, or the quan- 
tities of phosphorus, potash, and nitrogen 
that we run into our polluted streams? 
Shocked or not, we do little about it. 
Faced with an outpouring of nature’s 
gifts, economic incentives have been 
lacking to systematize the reclamation 
of more than a few items. Our govern- 
ment has so little regard for raw-mate- 
rial waste that it can bring itself to sink 
battleships for target practice or aban- 
don thousands of tons of equipment and 
supplies at distant places. Our fellow- 
citizens have so little concern over fuel 
depletion that they can devote 150 
horsepower to hauling their individual 
persons around! And the losses through 
easily preventable corrosion confront us 
wherever we go. 

However, if and when we become in- 
clined to curb wastes, the potentialities 
are simply enormous. Our phosphorus 
supply, for example, can probably be ex- 
tended tenfold by conservational meas- 
ures, 

4) How much can we afford to pay 
for mineral supplies? 

Probably the least generally under- 
stood aspect of mineral economics is the 
profound effect of price on supply and 
demand. For example, manganese ore 
has been considered a potentially rare 
enough material to be included in our 
national stockpile and to call for special 
measures to improve the supply. This 
material currently sells for about 4¢ per 
pound. Suppose it were raised to $1. 

At such a price the world’s commercial 
reserves would be multiplied tenfold. 
Mining people could afford to look much 
farther afield and deeper. Smaller de- 
posits of good grade would become work- 
able, and enormous tonnages of low- 
grade material would be commercially 
exploitable. Users would be much less 
exacting on specifications and would 
undertake research toward using less. 
We know that they could reclaim three- 
fourths of what they now waste, and their 
bright young men could probably learn 
to eliminate its principal use, in steel- 
making. By all these reactions, the man- 
ganese supply could be made to go at 
least 100 times as far as it does under 
present conditions, and in addition it 
could be made nonessential. 

Can we afford $1 per pound for man- 
ganese ore? At this price the national 
consumption would probably be below 3 
pounds per capita per year—an annual 
cost per citizen of $3. Very few of us 
would ever know the difference. 
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Lead is another example. We cur- 
rently use about 15 pounds per capita 
per year of new lead, which in pig form 
costs 15¢ per pound. It is used princi- 
pally in storage batteries, gasoline, cable 
sheathing, acid vessels, construction, 
paints, glass, and weights. In all of these 
uses, except storage batteries, there are 
ready substitutes. There are substitute 
materials for storage batteries also, but 
those developed to date involve materials 
that are scarcer than lead. The lead in 
storage batteries is now 85-percent re- 
claimed. At $1 per pound, probably all 
the uses except storage batteries would 
largely disappear, and the lead in these 
would be 98-percent reclaimed. Avail- 
able supplies would expand enormously. 
One cannot foresee depletion of lead sup- 
plies under such conditions in less than 
1000 years, and the cost to the average 
citizen would be under $5 per year. This 
represents about a half-day’s extra work 
per year to an employed citizenry that 
is now trying to decide whether it wants 
to work more than 30 hours per week! 
Moreover, at 98-percent recovery, the 
consumer would be using only 2¢ worth 
out of the dollar cost and returning the 
rest. His net cost, after allowing for col- 
lection and purification, would be under 
10¢ per pound. Beyond this we have pos- 
sibilities of substitution. Furthermore, the 
public can well afford to pay, not $1 per 
pound, but $20 per pound for the lead 
it absolutely needs. Think how far such 
a price would extend the supply. 

On the other hand, it should be real- 
ized that no metals, even the most ex- 
pensive or durable ones, are 100-percent 
reclaimed. High prices and serious efforts 
to conserve wastes will help tremen- 
dously, but they will never achieve com- 
plete reclamation. 

The question of ability to pay has an- 
other interesting aspect. Today and in 
the past, almost everything we have built 
we expect to pay out in 25 years or less. 
This means that a single generation 
shoulders the cost, even though the ar- 
ticle may last longer, in some cases for 
many generations. As a result, each gen- 
eration enjoys a very large gift of build- 
ings, public works, equipment, tools, ma- 
terials, and other bequests from its pre- 
decessors, for which it could afford to pay 
its share if higher prices were necessary 
for the raw materials. 

5) What can we do to substitute abun- 
dant minerals and metals for scarcer 
ones? 

We have already touched on the feasi- 
bility, in an atomic age, of utilizing the 
abundant elements of the common rocks, 
whenever such measures become neces- 
sary. With iron, aluminum, magnesium, 
and silicon available in limitless supply 
from such sources, can it be said that we 
absolutely need any other metals for con- 
struction, tools, and durable goods? We 


can say with certainty that the metals like 
lead, zinc, copper, tin, and the ferro- 
alloys will last for hundreds of years for 
their most essential uses, but if they 
finally come to an end, there is no basis 
for the contention that they cannot be 
eliminated altogether in favor of the 
metals of the common rocks or ceramic 
materials. 

As for the minerals necessary for agri- 
culture, lime and potash are recoverable 
from common rocks, and known phos- 
phorus reserves are sufficient for thou- 
sands of years, and for tens of thousands 
if they are conserved. 

In the areas and times more clearly 
perceptible, it is perfectly evident that 
our technology has an immense capacity 
to find satisfactory substitutes for scarce 
materials. The process goes on con- 
stantly; there is no reason to anticipate 
its end. 

Also, it is not beyond the bounds of 
possibility that man may learn to syn- 
thesize the elements at prices he can 
afford to pay for their most essential uses. 

Before one adopts a more pessimistic 
attitude, it should be realized that neither 
the joy of living nor the progress of cul- 
ture are dependent on multistory build- 
ings, 60,000-ton ships, rockets, automo- 
biles, airplanes, or radio. 

To summarize the outlook for metal 
and mineral supplies, there seems to be 
no reason why we need fear that the 
growth of either industry, culture, or 
well-being need be stifled because of de- 
pletion. Reserves of the scarcer minerals 
can be greatly extended at costs that can 
easily be borne, and in the final analysis 
they are not necessary to the progress of 
civilization in any real sense. In fact, 
there is some basis for the idea that cul- 
tural development might proceed faster 
if we were less surrounded by material 
wealth, since it frequently seems to be 
our master instead of our servant. 

The harsh statements made about 
waste in the foregoing paragraphs and 
the conclusion that posterity will not be 
in jeopardy for mineral resources may 
appear to be in conflict. Should we take 
special action to prevent waste or should 
we carry on along our present course of 
conserving only where it pays? 

To acknowledge that the survival of 
posterity is not fundamentally dependent 
in our self-denial does not mean that our 
successors are not handicapped by our 
wastefulness. Probably they will be, even 
though they can continue to enjoy ma- 
terial well-being by added effort. It 
would seem then, to be fair play to ex- 
ercise, through educational measures 
rather than compulsions, a certain re- 
straint in despoiling the earth of its 
treasures. Moreover, speaking strictly in 
our own behalf, all human experience in- 
dicates that curbing of our appetites is 
good for our own characters. 
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Acyl Derivatives of Glyceralde- 


hyde-3-Phosphate Dehydrogenase 


Studies of the mechanism of enzyme 
action have been hampered by difficul- 
ties encountered in the isolation of com- 
pounds or complexes that may result 
from interaction of enzymes with their 
substrates. The availability of glyceralde- 
hyde-3-phosphate dehydrogenase in large 
quantities has made it possible to use 
this enzyme not only as a catalyst but, 
in micromolar amounts, as a reactant. 
From these studies, which are briefly re- 
viewed here, it has become clear that 
under certain conditions the enzyme-sub- 
strate compound can be stabilized and 
isolated. The isolation and properties of 
the crystalline enzyme-substrate interme- 
diate are the subject of this article (/). 


Mechanism of Action of 


Glyceraldehyde-3-Phosphate 
Dehydrogenase 


The mechanism of the reversible oxi- 
dation and phosphorylation of aldehydes 
to acyl phosphates by glyceraldehyde-3- 
phosphate dehydrogenase has been exten- 
sively investigated in recent years. An 
early theory (2, 3) postulated a nonen- 
zymatic addition of phosphate to gly- 
ceraldehyde-3-phosphate foliowed by en- 
zymatic oxidation of the hypothetical 
diphosphoglyceraldehyde to 1,3-diphos- 
phoglyceric acid. In spite of various 
attempts (4), no evidence for the opera- 
tion of this mechanism during the enzy- 
matic oxidation of glyceraldehyde-3- 
phosphate has been obtained. 

In analogy with the glyoxalase reac- 
tion, an alternative theory has been pre- 
sented (5,6) involving the intermediate 
formation of a thiol ester. In the pro- 
posed sequence of events (Fig. 1), a 
DPN-enzyme compound {I) interacts 
with the aldehyde substrate to yield re- 
duced DPN and an acyl enzyme (II) 
wherein the acyl moiety of the oxidized 
substrate is attached to a sulfur atom of 
the protein; this thiol ester is split by 
inorganic phosphate to yield acyl phos- 
phate and regenerated SH-enzyme (III). 
Evidence consistent with the essential 
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features of this formulation of the mech- 
anism of enzyme action has been brought 
forward from a number of laboratories 
(6, 7). 

The enzyme as isolated from muscle 
(8) contains firmly bound DPN (9). 
In “reduced” (10) enzymes, 3 moles of 
DPN are bound to each mole of enzyme. 
(This can be shown either by reducing 
the DPN on the enzyme with glyceralde- 
hyde-3-phosphate or by precipitating 
the enzyme with trichloracetic acid and 
measuring the amount of released DPN 
in the supernatant fluid. ) 

The enzyme as isolated from rabbit 
muscle under conditions that prevent 
oxidation of sulfhydryl groups (//) has 
an absorption with a broad maximum 
around 360 mu. This absorption depends 
on the presence of bound DPN and SH 
groups. It disappears when the DPN is 
removed (by treatment with charcoal ) 
and is restored by the addition of 3 
equivalents of DPN. It also disappears 
when the SH groups are blocked or oxi- 
dized, or after addition of the substrates, 
acetyl phosphate or 1,3-diphosphoglycer- 
ate, thus indicating the participation of 
the DPN-enzyme complex in the enzyme 
catalyzed reaction (6). Similar data 
have been obtained with yeast enzyme 
in the presence of DPN. 

That the DPN-enzyme complex is 
directly involved in the activity of the 
enzyme is also indicated by the fact that 
disappearance of the absorption at 360 
mp on addition of iodoacetate is closely 
paralleled by loss of enzymatic activity. 
After the addition of 3 equivalents of 
iodoacetate, there is no further reduction 
in the absorption at 360 mu. The same 
amount is needed for complete inactiva- 


RCHO (PNK) 


— + 


(1) DPN-ENZYME (1) ACYL ENZYME (II) SH-ENZYME 


Fig. 1. Mechanism of aldehyde oxidation 
by glyceraldehyde-3-phosphate dehydro- 
genase. 


tion of the enzyme (/2). Inhibition of 
glyceraldehyde-3-phosphate dehydrogen- 
ase activity by irreversible SH blocking 
reagents, such as iodoacetate and N-ethyl 
maleimide, can be prevented for a time 
by substrates or by substrate analogs 
(13). 

Approximately 2 equivalents of glu- 
tathione (as measured by glutathione 
reductase) are released from glyceralde- 
hyde-3-phosphate dehydrogenase by 
tryptic digestion. (The method used pre- 
cludes complete recovery of glutathione. ) 
Treatment of the enzyme with 3 equiva- 
lents of iodoacetate preceding digestion 
prevents the appearance of free gluta- 
thione. This parallels the afore-men- 
tioned inhibition of over-all enzyme ac- 
tivity. Similarly, formation of thiol ester 
(acyl enzyme) by the interaction of ace- 
tyl phosphate and the enzyme is sup- 
pressed by 2 to 3 equivalents of iodoace- 
tate (14). 


Isolation and Properties 
of Acyl Enzyme 


It was recently found that the forma- 
tion of acyl enzyme (II) from the acyl 
phosphate (III) occurs with enzyme free 
of DPN and that the resulting acyl en- 
zyme had considerable stability as com- 
pared with similar preparations obtained 
in the presence of DPN (/5). Kinetic 
and spectrophotometric evidence for the 
formation of an acyl enzyme was ad- 
vanced from several laboratories (6, 7), 
but the isolation of the enzyme-substrate 
compound had not been reported previ- 
ously, Efforts were therefore directed 
toward the isolation of this postulated 
enzyme derivative. The observations on 
the stabilization of acyl enzyme by re- 
moval of DPN made it possible to isolate 
the acyl derivative of the enzyme. 

Acetyl and 3-phosphoglyceryl enzyme 
have been prepared from glyceraldehyde- 
3-phosphate dehydrogenase isolated from 
both rabbit muscle (8) and baker’s yeast 

16) in the presence of ethylene diamine 
tetraacetate. The muscle enzyme was 
treated once or twice with 40 mg of char- 
coal per milliliter of a 3 to 6 percent solu- 
tion to remove bound DPN; recrystal- 
lized glyceraldehyde-3-phosphate dehy- 
drogenase from yeast is sufficiently free 
of DPN. 

Either acetyl phosphate or a mixture 
of 3-phosphoglycerate, ATP, Mg**, and 
phosphoglycerate kinase were incubated 
with the enzyme for a few minutes at 
pH 7; the protein was precipitated by 
addition of a cold saturated solution of 
ammonium sulfate at pH 6, the mixture 
was centrifuged, and the sediment was 
washed several times with saturated 
ammonium sulfate solution. Finally, the 
sediment was dissolved in a small amount 
of cold water. The protein crystallized 
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during the washing procedure; also, it 
was readily recrystallized from solution 
by the addition of ammonium sulfate. 

Like thiol esters, the acyl enzymes re- 
acted with hydroxylamine at pH 6.5 to 
form hydroxamic acids. The acyl-enzyme 
bond of acetyl enzyme was, like the thiol 
ester of acetyl glutathione, stable to heat- 
ing at 100° C for 5 min at pH 4.5. The 
thiol ester of phosphoglyceryl enzyme 
was found to be destroyed by this treat- 
ment. The thiol ester bond of both acetyl 
and phosphoglyceryl enzyme was stable 
in cold 5-percent trichloracetic acid. 
Formation of the acyl enzymes was pre- 
vented by treatment of the enzymes with 
approximately 3 equivalents of either 
iodoacetate (in the presence of DPN) or 
N-ethyl maleimide (in the absence of 
DPN) before mixing with the substrates. 
The acyl enzymes were sufficiently stable 
in the cold at neutral pH to permit study 
of their enzymatic properties; they lost 
approximately 30 percent of their hy- 
droxamic acid-forming capability in the 
course of 4 hr at 0° C. Under the afore- 
described conditions for the preparation 
of the acyl enzymes, 0.8 to 1.5 moles of 
acyl groups (measured as hydroxamic 
acid) were found to be present per mole 
of enzyme. 

The acyl enzymes oxidized DPNH in 
amounts approximately equivalent to 
the amounts of hydroxamic acid they 
could form, as is shown in Table 1. (The 
absorption coefficient of phosphoglyceryl 
hydroxamic acid-Fe complex is here as- 
sumed to be that of acetyl hydroxamic- 
Fe complex.) In the case of acetyl en- 
zyme, an additional amount of DPNH 
was oxidized on adding alcohol dehy- 
drogenase to the mixture. It may be 
assumed, then, that the acetyl group of 
acetyl enzyme was reduced to acetalde- 
hyde, which in turn was reduced to 
ethanol. Similarly, in the case of phos- 
phoglyceryl enzyme, addition of triose 
phosphate isomerase and a-glycerophos- 
phate dehydrogenase caused further oxi- 
dation of DPNH; here, glyceraldehyde-3- 
phosphate formed by reduction of the 
phosphoglyceryl group was isomerized to 


dihydroxyacetone phosphate, which was 
then reduced to a-glycerophosphate. The 
oxidation of DPNH by phosphoglyceryl 
enzyme from yeast and muscle and by 
acetyl enzyme from muscle is rapid; 
oxidation of DPNH by acetyl enzyme 
from yeast is slow. These rates are in 
good agreement with the rates of oxida- 
tion of DPNH by the two acyl phosphates 
in the presence of catalytic amounts of 
the enzymes. 

Figure 2 illustrates an experiment in 
which phosphoglyceryl enzyme prepared 
from muscle glyceraldehyde-3-phosphate 
dehydrogenase was used to oxidize 
DPNH. The first point in the curve rep- 
resents the optical density at 340 mu 
calculated from the density of the en- 
zyme solution plus that of DPNH, which 
was added last. The acyl enzyme caused 
a rapid oxidation of DPNH during the 
first minute in contrast to the control, in 
which acylation of the enzyme was pre- 
vented by prior treatment with N-ethyl 
maleimide. The slow oxidation of DPNH 
that follows may be explained by trace 
contamination of the glyceraldehyde-3- 
phosphate dehydrogenase (7.5 mg of en- 
zyme was used) with triose phosphate 
isomerase and «-glycerophosphate dehy- 
drogenase, Addition of triose phosphate 
isomerase and a-glycerophosphate dehy- 
drogenase caused a further sharp de- 
crease in DPNH, corresponding approxi- 
mately to the theoretical amount of 
triose formed from phosphoglyceryl en- 
zyme. 


Arsenolysis and Hydrolysis 
of Acyl Enzyme 


It is known that arsenate can substitute 
for phosphate in the enzyme catalyzed 
oxidation of glyceraldehyde-3-phosphate 
by DPN (2). However, in the presence 
of arsenate, an equilibrium mixture of 
aldehyde and acyl compound is not ob- 
tained; instead the oxidation of the alde- 
hyde to the free acid goes to completion, 
presumably because of the spontaneous 
hydrolysis of the hypothetical acyl arse- 
nate. In the presence of arsenate, acetyl 


Table 1. Comparison of hydroxamic acid formed and DPNH oxidized by equal amounts 


of acyl enzyme. 


Hydroxamic acid 
(moles per mole of 
glyceraldehye-3- 


Acyl enzyme 


DPNH oxidized 
(moles per mole of 
glyceraldehyde-3- 


phosphate phosphate 
dehydrogenase* ) dehydrogenase* ) 
Acetyl (muscle ) 0.80 0.82 
Phosphoglyceryl (muscle ) 0.96 1.04 
Acetyl (yeast) 0.87 0.46¢ 
Phosphoglyceryl (yeast) 0.78 0.60 


* The molecular weight of the enzyme is taken as 120,000 (18). 


+ Minimum figure (oxidation incomplete after 3 hr). 


t DPNH oxidation was measured about 2 hr after hydroxamic acid formation. 
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Fig. 2. Oxidation of reduced DPN by 
phosphoglyceryl enzyme. 


phosphate and 1,3-diphosphoglycerate 
are rapidly hydrolyzed by glyceralde- 
hyde-3-phosphate dehydrogenase. This 
arsenolysis has been shown to depend on 
DPN (6). 

“Oxidized” (10)  glyceraldehyde-3- 
phosphate dehydrogenase catalyzes a 
DPN-dependent hydrolysis of acetyl 
phosphate; glutathione or potassium cya- 
nide inhibited this reaction without in- 
hibiting arsenolysis (/7). In the course 
of the present investigation it was found 
that preparations of “reduced” (/0) en- 
zyme likewise exhibit hydrolytic activity 
which is relatively slow compared with 
the rate of arsenolysis. Hydrolysis is ac- 
celerated by prior treatment of the en- 
zyme with iodoacetate in contrast to 
arsenolysis, which is inhibited. On the 
other hand, potassium cyanide and glu- 
tathione, as well as semicarbazide, pheny! 
hydrazine, and hydroxylamine, inhibited 
hydrolysis of acetyl phosphate by iodoac- 
etate-treated or untreated enzyme with- 
out affecting the rate of arsenolysis of 
acetyl phosphate by untreated enzyme. 
They also stabilize acyl enzyme in the 
presence of DPN against hydrolysis but 
do not prevent the very rapid arsenolysis 
of the acyl enzyme. A typical experiment 
is shown in Table 2 demonstrating the ef- 
fectiveness of the inhibitors in stabilizing 
the acyl groups. Since these inhibitors 
are known to react with carbonyl groups, 
the possibility was considered that an 
aldehyde group of the enzyme partici- 
pates in the hydrolytic. activity. It was 
found that heating of the neutral protein 
solution at 100°C released a_ small 
amount of steam-distillable aldehyde, 
which served as substrate for alcohol 
dehydrogenase in the presence of DPNH. 
Since several other highly purified pro- 
teins also yielded an aldehyde after heat 
denaturation, the relation of the released 
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Table 2. Stabilization of phosphoglyceryl 
enzyme (muscle) in the presence of DPN 
by aldehyde reagents. 


Decom- 
position 
of acyl 
Additions enzyme 
in 12 min 
at 25°C 
(%) 
None 53 
Potassium cyanide (0.001/M) 0 
Glutathione (0.001M) 0 
Semicarbazide (0.03M) 6 
Phenyl hydrazine (0.03M) 22 


aldehyde to the hydrolysis of acyl groups 
remains to be elucidated. 


Summary 


Acetyl phosphate and 1,3-diphospho- 
glycerate react with glyceraldehyde-3- 


phosphate dehydrogenase to form rela- 
tively stable enzyme substrate com- 
pounds. These compounds appear to be 
thiol esters, and their properties indicate 
that they are intermediates in the cata- 
lytic activity of the enzyme: they under- 
go hydrolysis and arsenolysis in the 
presence of DPN and are reduced by 
DPNH to form aldehydes. These results 
are in agreement with the mechanism 
previously proposed for the oxidation of 
aldehydes in which a thiol ester formed 
on the enzyme, with concomitant reduc- 
tion of DPN, is split in the presence of 
phosphate to acyl phosphate and regen- 
erated enzyme. 
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I cannot refrain from marveling that Sarsi will persist in proving to me, by authorities, 
that which at any moment I can bring to the test of experiment. We examine witnesses in 
things which are doubtful, past, and not permanent, but not in those things which are done 
in our own presence. If discussing a difficult problem were like carrying a weight, since 
several horses will carry more sacks of corn than one alone will, I] would agree that many 
reasoners avail more than one; but discoursing is like coursing, and not like carrying, and 
one barb by himself will run farther than a hundred Friesland horses. When Sarsi brings 
up such a multitude of authors, it does not seem to me that he in the least degree strength- 
ens his own conclusions, but he ennobles the cause of Signor Mario and myself, by showing 
that we reason better than many men of established reputation. If Sarsi insists that I must 
believe, on Suidas’s credit, that the Babylonians cooked eggs by swiftly whirling them in 
a sling, I will believe it; but I must say, that the cause of such an effect is very remote from 
ihat to which it is attributed, and to find the true cause I shall reason thus. If an effect does 
not follow with us which followed with others at another time, it is because, in our experi- 
ment, something is wanting which was the cause of the former success; and if one thing is 
wanting to us, that one thing is the true cause. Now we have eggs, and slings, and strong 
men to whirl them, and yet they will not become cooked; nay, if they were hot at first they 
more quickly become cold; and since nothing is wanting to us but to be Babylonians, it 
follows that being Babylonians is the true cause why the eggs become cooked, and not the 
friction of the air, which is what I wish to prove. Is it possible that in traveling post, Sarsi 
has never noticed what freshness is occasioned on the face by the continued change of air? 
And if he has felt it, will he rather trust the relation by others of what was done two thou- 
sand years ago at Babylon, than what he can at this moment verify in his own person? I, at 
least, will not be so wilfully wrong and so ungrateful to nature and to God, that having 
been gifted with sense and language I should voluntarily set less value on such great endow- 
ments than on the fallacies of a fellow-man, and blindly and blunderingly believe whatever 
I hear, and barter the freedom of my intellect for slavery to one as liable to error as myself. 
Saggiatore. 1623. Translated by Giorgio De Santillana. 
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News of Science 


Earth Satellite 


Plans for the construction of a small, 
unmanned, earth-circling satellite vehicle 
to be used for basic scientific observa- 
tions during the forthcoming Interna- 
tional Geophysical Year (IGY) were an- 
nounced at the White House on 29 July 
by Detlev W. Bronk, president of the 
National Academy of Sciences, and Alan 
T. Waterman, director of the National 
Science Foundation. Scientists expect to 
complete the satellite developmental 
work in time for a successful launching 
of one or more vehicles during the IGY, 
a period selected during 1957 and 1958 
for world-wide observations in the fields 
of the earth sciences by some 40 nations. 

The satellite program was initiated in 
compliance with a resolution passed by 
the Special Committee for the Interna- 
tional Geophysical Year (the “CSAGI”) 
at its Rome meeting in Oct. 1954. The 
resolution reads: “In view of the great 
importance of observations during ex- 
tended periods of time of extraterrestrial 
radiations and geophysical phenomena 
in the upper atmosphere, and in view of 
the advanced state of present rocket tech- 
niques, CSAGI recommends _ that 
thought be given to the launching of 
small satellite vehicles, to their scientific 
instrumentation, and to the new prob- 
lems associated with satellite experi- 
ments, such as power supply, telemeter- 
ing, and orientation of the vehicle.” 
Similar resolutions were adopted in Sept. 
1954 at meetings of the International 
Union of Geodesy and Geophysics and 
the International Scientific Radio Union. 

The satellite, intended specifically and 
entirely for scientific uses, is being devel- 
oped with the technical advice and as- 
sistance of scientists who have long been 
engaged in research on the upper atmos- 
phere. The White House announcement 
said that the Department of Defense will 
provide the required equipment and 
facilities for launching. 

Formal notification of the inclusion 
of the satellite project in this country’s 
IGY program was communicated to Syd- 
ney Chapman, president of CSAGI, by 
Joseph Kaplan, chairman of the U.S. 
National Committee for the IGY. Kap- 
lan wrote: “The participation of other 
nations engaged in the International 
Geophysical Year program is invited, and 
to this end we shall provide full scientific 
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information on the orbiting vehicle so 
that other nations may monitor the de- 
vice and make appropriate observations.” 

Once established in its orbit, the satel- 
lite will be able to telemeter informa- 
tion to earth about conditions in the 
outer edge of the atmosphere. It can also 
report on extraterrestrial radiations and 
particles that are shielded by the earth’s 
atmosphere—ultraviolet radiation, cos- 
mic rays, meteors, and so forth—that 
have a strong influence on the upper at- 
mosphere and indirectly affect the lower 
atmosphere. 

In the past, vertical rocket flights to 
extreme altitudes have provided consid- 
erable information about the upper at- 
mosphere, but such flights are limited to 
very short periods of time. Only by use 
of a satellite can sustained observations 
in both space and time be achieved. 
Plans are being made for a basketball- 
sized vehicle that will orbit around the 
earth for a period of days at a height 
of 200 to 300 mi and at a velocity of 
18,000 mi/hr, gradually circling back 
into the upper atmosphere where it will 
eventually disintegrate harmlessly. 

The satellite project is one important 
part of the United States plans for scien- 
tific work during the IGY, when scien- 
tists will conduct the most comprehensive 
study of the earth ever undertaken. In- 
tensive investigations throughout the 
world will be carried out in meteorology, 
latitude and longitude determinations, 
geomagnetism, gravity measurements, 
ionospheric physics, aurora and airglow, 
solar activity, cosmic rays, glaciology, 
oceanography, seismology, and rocket 
exploration of the upper atmosphere. 

Each of the fields in the program is 
characterized by its global nature, and 
many are related to solar-energy fluctua- 
tions and disturbances. There will be spe- 
cial emphasis on observations from loca- 
tions that are usually inaccessible, such 
as Antarctica—and now from satellites. 
Measurements must be made simultane- 
ously so that the relationships between 
fields can be determined on the basis of 
world-wide coverage. 

The list of nations that will participate 
in the IGY program includes: Argentina, 
Australia, Austria, Belgium, Brazil, 
Burma, Canada, Chile, Czechoslovakia, 
Denmark, Finland, France, East Ger- 
many, West Germany, Great Britain, 
Greece, Hungary, Iceland, India, Ire- 


land, Israel, Italy, Japan, Mexico, Mo- 
rocco, Netherlands, New Zealand, Nor- 
way, Pakistan, Peru, Philippines, Spain, 
Sweden, Switzerland, Thailand, Tunisia, 
Union of South Africa, U.S.S.R., United 
States, and Yugoslavia. Each country will 
plan and execute its own program, un- 
der a general plan developed and coor- 
dinated by the Special Committee for the 
International Geophysical Year. 

The U.S. National Committee for 
1GY, established by the National Acad- 
emy of Sciences, is in charge of plan- 
ning, directing, and executing this coun- 
try’s program. The committee and its 
technical panels, which include many of 
the nation’s leading geophysicists, have 
developed the program in cooperation 
with a number of universities, institu- 
tions, and agencies. Federal sponsorship 
and support has been obtained by the 
committee through the National Science 
Foundation. 


Secrecy in the Sky 


The following excerpts are drawn from 
an editorial entitled “Secrecy in the Sky” 
that appeared in the 4 Aug. issue of the 
New York Times. 

“A few Senatorial voices have been 
raised to protest against the President’s 
intention to tell the world . . . what in- 
formation may be telemetered to ground 
stations by the artificial satellites that 
are to be sent up in 1957 or 1958... . 
For years we clung to secrets that were 
no secrets at all. If we paid any attention 
to the protesting Senators, our physicists 
and engineers would have nothing to say 
at the atoms-for-peace conference in 
Geneva... 

“If the Soviet Union plants a satel- 
lite in the sky .. . it will find out as much 
as we can about the frontier of outer 
space. ... 

“It would be a mistake not to publish 
all that we may discover about the con- 
ditions that prevail 250 miles away from 
the earth, even though something of in- 
direct military use may be important. 
More important is the preservation of the 
spirit that the President infused in the 
recent “summit” conference at Geneva. 
His willingness to pool our knowledge 
of the atom with that of other nations 
for mankind’s benefit, the emphasis that 
he has laid on the peaceful uses of the 
atom and now his proposal to make the 
knowledge to be gained by an artificial 
satellite common property, is all in the 
high tradition of science. 

“Too long have scientists been muzzled 
by following a policy of secrecy necessary 
only as far as strictly military matters are 
concerned. The President has taken an 
immense forward step by restoring free- 
dom of scientific discussion to its old 
state.” 
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Krebiozen 


On 2 Aug. Andrew C. Ivy, a former 
vice president of the University of Illi- 
nois, filed a $360,000 libel suit in the 
State Supreme Court, New York, against 
George D. Stoddard, former president 
of the University of Illinois. The suit is 
based on some 50 passages that are in- 
cluded in a book by Stoddard entitled 
Krebiozen: The Great Cancer Mystery. 

The complaint explains that Ivy is 
studying Krebiozen, which he believes 
shows promise as a treatment for cancer, 
and that as a result of Stoddard’s writ- 
ings Ivy has been “shunned by scientists 
and medical doctors, excluded from 
their meetings and from the lecture pro- 
grams to which he [has] frequently been 
invited in the past as a lecturer ° 
and his professional papers on scientific 
subjects [have] been rejected by scientific 
journals.” 

The Krebiozen issue arose more than 
4 years ago when the substance was first 
announced, Ivy’s failure at that time to 
disclose the nature of the drug led to his 
suspension for 3 mo from the Chicago 
Medical Society. After both the Ameri- 
can Medical Association and the Nation- 
al Research Council had reported unfav- 
orably on Krebiozen, and after the sub- 
mission of a report by a specially ap- 
pointed university committee, President 
Stoddard banned further research with 
the material and arranged that Ivy take 
a leave of absence. 

Several months later, on 31 Aug. 1953, 
Stoddard was forced to resign his presi- 
dency as the result of a 6-to-3 “no con- 
fidence” vote by the university's board 
of trustees. Some 20 department heads 
joined together to condemn publicly the 
action of the board and to thank Stod- 
dard for his “stand for honesty in science 
and integrity in education.” By early 
September Ivy had returned to his post 
as head of the department of clinical 
science, with the title of distinguished 
professor of physiology. He resumed his 
work with Krebiozen, but not under the 
auspices of the university. 

Stoddard’s book is an account of the 
controversy at the University of Illinois 
over Krebiozen. The manuscript was 
ready to go to press when, on 6 Apr., 
Judge Joseph Hurley of Massachusetts 
Superior Court issued an ex-parte re- 
straining order to stop publication of the 
book by Beacon Press, Boston. Ex-parte 
means that the order was granted with- 
out hearing the case for the defense. In 
addition to Ivy, plaintiffs in the action 
were Stevan: Durovic, who developed 
Krebiozen; his brother Marko; and the 
Krebiozen Research Foundation, an IIli- 
nois corporation. ‘ 

Commenting editorially on the case, 
the Chicago Tribune said on 11 Apr.: 
“Restraint prior to publication is the 
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most vicious form of censorship, held to 
be unconstitutional a quarter of a cen- 
tury ago by the United States Supreme 
Court.” The publication date, originally 
18 May, was postponed pending the 
court’s decision. The 7 May issue of the 
Publisher's Weekly pointed out that the 
“restraining order stopping publication 
is believed to be the first of its kind in 
recent publishing history,” and an edi- 
torial in the 25 June Weekly was entitled 
“Frightening Case of Censorship.” 

At a hearing on the application for 
preliminary injunction, the counsel for 
Beacon Press presented a vigorous de- 
murrer asserting that to grant such an 
injunction would be in violation of the 
constitutional guarantee of freedom of 
the press. At the subsequent hearing on 
the constitutionality issue, held 15 June, 
both the American Book Publishers 
Council and the American Civil Liberties 
Union filed amicus curiae briefs support- 
ing the request of Beacon Press that the 
court deny the application for a prelimi- 
nary injunction. 

The ABPC brief stated that “... 
publication and distribution of books of 
serious import and dealing with subject 
matter of public concern should not be 
prevented because of a few handpicked, 
allegedly defamatory statements con- 
tained in that book. We submit that 
there is here at stake not only the respec- 
tive rights of the private litigants, but 
indeed fundamental rights of the public 
at large.” 

According to the Publishers Weekly, 
“Beacon Press has made an exhaustive 
check of the statements in Dr. Stoddard’s 
manuscript.” The book is approximately 
half narrative and half substantiating 
documents, including evidence presented 
before the Illinois Legislature’s investi- 
gation of charges that a conspiracy ex- 
isted to prevent the distribution of Kre- 
biozen. Although this investigation took 
place at about the time of Stoddard’s 
resignation, no report has yet been re- 
leased; however, a preliminary report 
indicated that no conspiracy had been 
found. 

On 7 July Judge Hurley ruled against 
the plaintiff's plea for a preliminary in- 
junction and dissolved the restraining 
order that he had issued on 6 Apr. On 15 
Aug. Beacon released Krebiozen: The 
Great Cancer Myster. 


National Geographic-Palomar 
Sky Survey 


The first section of an atlas of the uni- 
verse, farthest-reaching map ever at- 
ternpted, is being published by Palomar 
Observatory after almost 7 years’ work, 
the National Geographic Society and 
California Institute of Technology an- 
nounced on 31 July. The National Geo- 


graphic Society-Palomar Observatory 
Sky Survey, begun in 1949, has mapped 
three-quarters of the sky—all that can 
be seen from Palomar—out to an unpre- 
cedented depth in space of 600 million 
light-years. 

Many of the space regions photo- 
graphed in detail by Palomar’s 48-in. 
Schmidt telescope have never been seen 
before by astronomers. Now an over-all 
picture of the universe has been provided 
to distances beyond range of all but the 
largest telescopes. Observatories around 
the world are being sent the first 200 
photo sky charts. 

The total atlas will comprise 1758 
photomaps when it is finished in 1956. 
Price per copy, covering only printing 
costs, is about $2000. Nearly 100 have 
been ordered. Each plate of the atlas is 
14 in. square. The original plates now 
are locked three floors underground in 
Pasadena, Calif., and a duplicate set is 
buried beneath the dome of the Hale 
telescope at Palomar Observatory. Cop- 
ies being mailed out to institutions that 
requested the atlas before a deadline last 
October are negative prints on double- 
weight photographic paper. Stars and 
other bodies in the heavens show as dark 
spots against a light background, for as- 
tronomers find it easier to measure the 
brightness of objects on such charts than 
on positive prints. 

The National Geographic Society has 
borne the costs of materials as well as 
astronomers’ salaries; observing time for 
the survey was provided by Palomar. 
General supervision of the project has 
been carried out by an advisory commit- 
tee consisting of Lee DuBridge and Ira 
S. Bowen, representing C.I.T., and John 
Oliver La Gorce and Lyman J. Briggs, 
representing National Geographic. Bo- 
wen has written an article describing the 
mapping project for the current National 
Geographic Magazine. 

The atlas offers new clues to the size 
of the universe, how it is made up, how 
old it is. New celestial bodies—comets, 
asteroids, stars, and island galaxies like 
the Milky Way—have been found. The 
skies have been carefully photographed 
for all objects down to a brightness only 
one one-millionth of that of the faintest 
star that the naked eye can see on a dark 
moonless night. 

From the survey, astronomers will be 
able to determine more clearly the shape 
of the Milky Way. Furthermore, far be- 
yond in outer space there are galaxies 
similar to the Milky Way. Sometimes 
they group into clusters, Although only 
a scant 3 dozen such clusters were known 
before the survey, now more than 1000 
have been found. They may point to a 
new general law of nature governing the 
organization of matter in the universe. 

Temperature, color, and brilliance of 
distant stars will be better known because 
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the Palomar group photographed each 
section of the sky twice, once in blue 
light and again in red light. More may 
thus be learned about the novae and 
supernovae. In contrast, dark clouds of 
gas and dust in space, first seen clearly 
on the survey’s plates, may show stars in 
process of being born. 

Years of study will bring many more 
discoveries. DuBridge predicts that the 
new atlas will be “an astronomical bible 
for 100 years.” By analysis of light from 
the distant clusters of galaxies discovered 
on the survey’s photographs, additional 
evidence is being obtained on the ques- 
tion of whether or not the entire universe 
is expanding, with objects racing outward 
like fragments from a bomb. 

The late Edwin P. Hubble of Mount 
Wilson and Palomar found, 30 years ago, 
that this apparent recession obeyed a 
simple law—speed seemed to increase in 
direct proportion to distance. To test the 
law, galaxies farther and farther away 
must be measured. Milton L. Humason, 
working from the survey plates, has 
found clusters of galaxies receding at 
about 38,000 mi/sec—one-fifth of the 
speed of light. The ages of the stars, 
and of the universe itself, will someday 
be better understood because of the new 
atlas. 


News Briefs 


® Otto A. Kuhl, W. Ralph Singleton, and 
Bernard Manowitz of the Brookhaven 
National Laboratory have developed a 
portable radiation unit for use in the field 
to induce mutations in plants. When not 
in use, the radioactive cobalt source is 
housed in a 1-ton steel and lead shield. 
The unit can be produced for approxi- 
mately $5000. 


® Operations carried on in the east wing 
of the U.S. Department of Agriculture’s 
administration building involving certain 
livestock diseases transmissible to man 
were suspended on 1 July because of 
hazards to the health of those engaged 
in the work. The work included research 
on tuberculosis, anthrax, and other dis- 
eases that can affect human beings. The 
action was taken by research administra- 
tor Byron T. Shaw on recommendation 
of three research scientists who recently 
made an inspection, at Shaw’s request, of 
the east-wing laboratories. 

The men who made the recommenda- 
tion were LeRoy Fothergill, U.S. Army, 
Camp Detrick, Md.; William H. Feld- 
man, Mayo Foundation, Rochester, 
Minn.; and Byron J. Olson, National In- 
stitutes of Health, Washington, D.C. The 
action was taken as a_ precautionary 
measure, since the health record in the 
laboratories has been very good. In the 
50 years that research on anthrax has 
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been going on, no case of this disease has 
been reported among workers in the east 
wing. In the more than 60 years since 
the USDA began making tuberculin 
there have been four cases of tuberculosis 
among laboratory employees. Only one 
of these cases was found to have resulted 
from official work. The suspension order 
involves only animal disease work that 
has been carried out in the administra- 
tion building in Washington. 


|The University of California’s Los 
Alamos Scientific Laboratory announced 
16 July the completion of a scintillation 
detector large enough to accommodate a 
human body and to measure its accumu- 
lated amount of radioactivity. The proj- 
ect has been carried out under direction 
of the biomedical research group of 
the laboratory's health division and was 
shown in operation for the first time 
during the laboratory’s open house 16-17 
July. 

By use of the scintillation detector, or 
“human counter,” it is possible to meas- 
ure radioactivity naturally present in the 
body. Study of this natural level of radio- 
activity is useful in determining how 
much radiation exposure is permissible. 
Measurements have been made at the 
Los Alamos laboratory of the natural 
potassium radioactivity of a number of 
subjects. 

It is also necessary to guard against 
the possible ingestion and inhalation of 
radioactivity for the protection of per- 
sonnel working with radioactive ma- 
terials. The new instrument can be used 
to determine the amount of radioac:ivity 
that might have accumulated in the 
bodies of exposed personnel by direct 
measurement of gamma rays from the 
human body. 

The scintillation detector is a cylindri- 
cal tank 6 ft long and 28 in. in diameter. 
Through it runs a cavity large enough to 
contain the human subject to be meas- 
ured. The walls of the tank contain a 
liquid that gives off minute flashes of 
light when gamma rays from the person 
pass through it. This light is detected and 
amplified by 108 photomultiplier tubes 
installed in the outer wall of the tank. 
Electronic instruments record the num- 
ber of gamma rays registered. The entire 
tank is surrounded by a 10-ton lead 
shield to reduce interference by external 
radioactivities. 

The first human counter at the Los 
Alamos laboratory was a modification of 
a counter designed for a current labora- 
tory experiment to detect the neutrino, 
Measurements of human radioactivity 
made with this apparatus in January 
1953 proved that the device was feasible 
for this purpose. The present improved 
version was designed during 1953, and 
construction was begun in the spring of 
1954. 


® The Atomic Energy Commission issued 
the following statement on 4 Aug.: 
“Within the past few days the Soviets 
have resumed testing of nuclear weapons. 
This may mean the beginning of a new 
test series.” 


D. Hopper, senior lecturer of Mel- 
bourne University’s physics department, 
stated at a recent news conference that 
radioactive clouds were circling the earth 
at altitudes as low as 20,000 ft. 

He said that four different consign- 
ments of special photographic film that 
is sensitive to radioactivity had been 
ruined when flown through the clouds 
en route from London to Melbourne. 


"Three British professors are to lecture 
at Moscow University this fall: Paul 
Dirac of Cambridge University, physicist 
and Nobel prize winner; William Ast- 
bury of Leeds University, an expert on 
textile physics; and Peter Medawar of 
London University, biologist. The lec- 
tures are part of an exchange arrange- 
ment. A Soviet natural scientist, Vladi- 
mir Engelhardt, lectured at London Uni- 
versity this past spring. 


®@The United Nations has announced 
that 13 Asian experts are to visit the 
Soviet Union soon to study mining and 
geology. Specialists in those fields from 
Afghanistan, Burma, Hong Kong, India, 
Indonesia, and Japan left New Delhi 
2 Aug. on a 13-wk tour of the Soviet 
Union, Britain, France, and West and 
East Germany. 

The UN technical assistance fund is 
paying all their expenses except when 
countries along the way are sharing the 
cost. The Technical Assistance Adminis- 
tration in New York and the UN Eco- 
nomic Commission for Asia and the Far 
East in Bangkok, Thailand, organized 
the project and are sending three repre- 
sentatives. 

The group’s itinerary includes Kabul, 
Afghanistan; Moscow; Sverdlovsk, Chel- 
yabinsk, and Kustanai in the Urals; Sam- 
arkand and Tashkent, Uzbekistan; Dnep- 
ropetrovsk, Krivoi Rog, Zaporozhe, 
Kremenchug, and Kiev in the Ukraine; 
and Leningrad. 


® East Germany has agreed to allow a 
University of Pennsylvania scientist to 
spend “a couple of months” studying 
ancient Mesopotamian tablets at the 
University of Jena. Samuel Noah 
Kramer, cuneiformist, who is Clark re- 
search professor of Assyriology at Penn- 
sylvania and curator of the tablet collec- 
tion of the University Museum, has ap- 
plied for a passport and hopes to reach 
Jena late in September. 

Sanction for Kramer’s trip into East 
Germany came from the Secretariat for 
Institutions of Higher Learning of the 


SCIENCE, VOL, 122 


Government of the German Democratic 
Republic. Last March Kramer wrote 
directly to Johannes Becker, East Ger- 
man Minister of Culture at East Berlin, 
whose name he had learned from a news- 
paper story. A reply came 3 mo later 
from the director of the Section for Re- 
lations of Institutions of Higher Learning 
with Foreign Lands. 

Kramer has devoted some 25 years to 
fitting together and translating the 
Sumerian tablets, thus bringing to light 
some of mankind’s earliest myths, epics, 
hymns, proverbs, laws, and even medical 
prescriptions. But most of the tablets are 
fragments, and Kramer hopes to find 
some of the missing pieces at Jena. 


® Selection of a site for a new headquar- 
ters building for the U.S. Atomic Energy 
Commission near Germantown, Md., 23 
mi from Washington, and 2 mi west of 
the new U.S. Highway 240 on state 
Route 118, has been announced by Ken- 
neth E. Fields, AEC general manager. 
The exact boundaries of the site will be 
determined after completion of detailed 
engineering surveys. 

The major criteria used in making the 
selection included availability of an ade- 
quate water supply, extent of support- 
ing community facilities, accessibility to 
Washington for business and commuting 
purposes, availability of a labor market, 
and factors affecting the economy of 
construction and operation. 

At least 50 acres of land will be re- 
quired for the $10 million project. Final 
design of the building has not been de- 
termined, but it probably will be a three- 
story reinforced concrete structure. Con- 
struction is scheduled to be completed 
in the fall of 1957. 


®Experimental cytologists have 
wished to know whether any sort of 
change takes place in the nuclei of cells 
undergoing differentiation, change that 
would make such nuclei no longer equiv- 
alent to those of the fertilized egg cell 
and the very young embryo. To study 
this problem, two investigators have de- 
veloped an ingenious series of techniques. 
By first separating layers of cells from 
differentiated tissues of frog embryos in 
the late gastrula stage by means of diges- 
tion with the enzyme trypsin, and then 
separating these cells with the detergent 
versene, T. J. King and R. Briggs of the 
Institute for Cancer Research and the 
Lankenau Hospital Research Institute in 
Philadelphia have gained a notable in- 
sight into the processes of animal devel- 
opment. [Proc. Nat. Acad. Sci. U.S. 41, 
321 (May 1955) ]}. 

Having isolated the specialized cells 
from such tisues as the chérda-mesoderm 
or the belly endoderm, the invesigators 
implant the nuclei singly into eggs from 
each of which the original nucleus has 
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been removed. Such eggs seem to be able 
to develop quite normally through the 
blastula stage, a many-celled hollow 
sphere. When the implanted nuclei are 
taken out of the tissue cells of an early 
gastrula, these blastulae go on to develop 
normally into young larvae. When, on 
the other hand, the implanted nuclei 
come from older and more differentiated 
gastrulae, development is arrested, either 
in the blastula or gastrula stage, or some- 
what later. 

The nuclei that come from the endo- 
derm of a late gastrula seem to be able 
to control the development of the inter- 
nal parts well enough, but the ectoder- 
mal derivatives, including the presump- 
tive skin and the nervous system, are 
grossly disorganized. Here, then, is evi- 
dence that in the course of development 
nuclei lose some of their original capa- 
cities and become specialized. How this 
takes place is still a mystery. Does it in- 
volve an actual modification of the genes 
and chromosomes themselves? Are cer- 
tain genes put out of action, so to speak, 
because they stayed too long in the wrong 
sort of cellular environment?—B.G. 


® George R. Harrison, dean of the School 
of Science at Massachusetts Institute of 
Technology, is preparing a full-length 
biography of Karl T. Compton, long 
president of the institute and later chair- 
man of its corporation, who died last 
year. This biography, which is being 
sponsored by M.I.T. and the McGraw- 
Hill Book Co., of which Dr. Compton 
was a director, is “official” in the sense 
that the Compton family is making Dr. 
Compton's letters and files available to 
Harrison. 

Harrison plans the book not only as 
a presentation of the life of a very re- 
markable man whose influence on Ameri- 
can science was extremely broad, but as 
an opportunity to discuss in layman’s 
terms many of the problems faced today 
by the scientist, the teacher, the college 
administrator, and the conscientious and 
unselfish public servant. The book is ex- 
pected to appear early in 1958. 


Scientists in the News 


Few scientists reach the age of 85 
years and still fewer can boast of con- 
tinued scientific productivity at that age. 
On 6 Apr. OsKAR vocT, director of the 
Institute of the German Brain Research 
Society located at Neustadt in the 
Schwarzwald, passed that birthday with 
no indication of a relaxatien of his scien- 
tific efforts. His wife, also & noted scien- 
tist and his collaborator for many years, 
had a few weeks earlier passed her 80th 
birthday. 

Vogt, who founded the Kaiser-Wil- 
helm Institute for Brain Research (Hirn- 


forschung) in Berlin-Buch, was dispos- 
sessed by the Nazis in 1937, after he had 
brought the institute from its humble 
beginning in 1902, as the Neurobiologi- 
cal Laboratory of the University of Ber- 
lin, to its later world-wide fame. Here 
Vogt not only founded the architectonic 
study of the brain but, with a breadth of 
vision possessed by few, insisted on the 
inclusion in the institute of many varied 
studies which might eventually, he hoped, 
contribute to a better understanding of 
the human brain. 


Here, for example, Ténnies and Korn- 
miiller began their studies of the relation- 
ships of the electric brain-waves to the 
architectonics of the cerebrum; here too 
Timoféeff-Ressovsky built up the fine de- 
partment of genetics which was one of 
the foremost centers of German biology 
in the years before World War II. To 
the Institut fiir Hirnforschung came 
guests and students from all over the 
world, including the present writer, who 
worked there for 6 interesting months in 
1934, 

Beginning anew at the age of 67, Oskar 
Vogt built the laboratory in the Schwarz- 
wald where he still labors. Since that age, 
when most men retire, he has contributed 
no less than 33 papers to his field, in 21 
of which his wife collaborated, among 
them the significant report of the patho- 
anatomical findings in the brains of 
schizophrenics, which Vogt has inter~ 
preted as the premature aging of certain 
nerve-cell regions. These contributions 
cap a career that began with Vogt’s first 
publication in 1895—a career that has 
always included interesting side excur- 
sions, such as the published studies of the 
geographic variation and evolution of 
the bumblebees of Europe. It is not sur- 
prising that, with parents such as Oskar 
and Cécile Vogt, both of their daughters 
have likewise become well-known scien- 
tists, Marthe in chemistry and pharma- 
cology, Marguerite in genetics. 

If few have labored so hard and so 
incessantly to advance human knowledge, 
far fewer have so fully earned the fond 
admiration and esteem of those who have 
worked with them.—s. 6. 


The following appointments to assist- 
ant professor have been announced: Uni- 
versity of Oklahoma: ENE MACKIN- 
TosH, psychology. University of Oregon, 
HARRY EASTERDAY, physics. 


325 


On | Aug. CHESTER S. KEEFER resigned 
as special assistant to the Secretary of 
Health, Education, and Welfare, in order 
to be able to devote full attention to his 
duties as director of medical affairs at 
Boston University. 


WILLIAM R. DURYEE of the National 
Cancer Institute has recently been ap- 
pointed research professor of physiology 
at the George Washington University 
School of Medicine, Washington, D.C. 


On 26 July cart Gustav JUNG, fam- 
ous pioneer in psychoanalysis, celebrated 
his 80th birthday in Zurich, Switzerland. 
Jung shares credit with the late Sigmund 
Freud and Alfred Adler for the early 
development of psychoanalysis. 

Leading psychologists from many 
countries went to Zurich to honor Jung. 
Official receptions culminated in a din- 
ner, and congratulatory messages flowed 
in from all over the world. 

The author of many widely read books 
and essays, Jung still studies and writes. 
He also devotes much time to advising 
students at the Jung Institute. 


The American Society for Testing 
Materials made the following awards 
during its 58th annual meeting in Atlan- 
tic City, N.J., 24 June-15 July: 

Richard L. Templin award. mM. scott 
HUNTER and WILLIAM G. FRICKE, JR., of 
the Aluminum Research Laboratories, 
Aluminum Co. of America, New Ken- 
sington, Pa., for their paper “The metal- 
lographic aspects of fatigue behavior,” 
which was presented at the 1954 annual 
meeting. 

Sanford E. Thompson award. RicHARD 
C. MIELENZ, head of the Petrographic 
Laboratory, U.S. Bureau of Reclamation, 
Denver, Colo., for his paper “Petro- 
graphic examination of concrete aggre- 
gates.” 

C. A, Hogentogler award. HAROLD G. 
MASON and JOHN A. BisHoP, U.S. Naval 
Civil Engineering Research and Evalua- 
tion Laboratory, Port Hueneme, Calif., 
and PHILIP P. BROWN and L. A. PALMER 
of the Bureau of Yards and Docks, De- 
partment of the Navy, Washington, D.C., 
for their paper “Piles subjected to lateral 
thrust.” Mason and Bishop received the 
award for Part 1 of the paper on “Meas- 
urement of earth pressure and deflection 
along the embedded portion of a 40-ft 
steel pile”; and Brown and Palmer for 
Part 2 on “Analysis of pressure deflec- 
tion, moment, and shear by the method 
of difference equations.” 

Max Hecht award. Everett P. PAR- 
TRIDGE, director of the Hall Laboratories, 
Inc., Pittsburgh, Pa., for outstanding 
service to ASTM Committee D-19 on 
Industrial Water in the advancement of 
its objective—the study of water as an 
engineering material. 
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Three scientists of the Canadian Na- 
tional Research Council have been 
named fellows of the Royal Society of 
Canada: N. E. GipBons, head of the food 
microbiology section, Division of Applied 
Biology; J. A. MORRISON, head of the sur- 
face chemistry section, Division of Pure 
Chemistry; and £. pickup of the cosmic 
ray group, Division of Pure Physics. 


HENRY B. STRENGE, a faculty member 
of the University of Oklahoma School of 
Medicine since 1947, became the first 
full-time head of the department of 
pediatrics on 1 July. He succeeds CLARK 
H. HALL, a practicing pediatrician, who 
will continue as professor of pediatrics. 


On 1 Aug. ROBERT F. A. STUDDS, rear 
admiral, retired as director of the U.S. 
Coast and Geodetic Survey. 


RUGGLES GATES, of Cambridge, Mass., 
will sail for South Africa on 19 Aug. He 
has received a grant from the Wenner- 
Gren Foundation for a study of Hotten- 
tot origins and for investigation of Aus- 
tralopithecine material. He will lecture 
at various universities, including Cape- 
town, and he will look for pygmy hybrids 
in Uganda and for other race crosses in 
Kenya. Gates will be accompanied by 
his wife, who will make coler photo 
records. The couple expect to return in 
December by way of Sudan and Egypt. 


C. KNIGHT ALDRICH, associate professor 
of psychiatry in the University of Minne- 
sota Medical School, has been appointed 
professor of psychiatry and chairman of 
the department at the University of Chi- 
cago School of Medicine. His chief fields 
of interest are teaching, both of medical 
students who are training to become psy- 
chiatrists and of those who will specialize 
in other branches of medicine, and in 
furthering integration of psychiatry with 
other medical specialties. 


HERBERT P. RILEY, head of the depart- 
ment of botany of the University of Ken- 
tucky, is leaving soon to serve until next 
June as a Fulbright professor in the de- 
partment of genetics, University of Pre- 
toria, Pretoria, Union of South Africa. 
During his absence, c. E. HENRICKSON 
will be acting head of the department of 
botany. 


HAROLD LYONS, physicist, has joined 
the senior technical staff of the Micro- 
wave Laboratory, Hughes Aircraft Co., 
Culver City, Calif., where he will work 
on atomic, molecular-frequency, and 
time-control amplifiers. He joins Hughes 
with a background in nuclear, atomic, 
and microwave physics acquired at the 
National Bureau of Standards, the U.S. 
Naval Research Laboratory, and the 
University of Michigan. 


Two General Electric Co. scientists 
previously associated with other labora- 
tories in the company have been ap- 
pointed to the staff of the G.E. Research 
Laboratory at The Knolls. cect, G6. DUNN 
has been a physical metallurgist with the 
company at Pittsfield, Mass., since 1937, 
and PAUL D. GorsuCcH has been a metal- 
lurgical engineer at the materials and 
processes laboratory in Schenectady since 
1945. Both men will now serve as re- 
search associates in the metallurgy and 
ceramics department of the Research 


Laboratory. 


LEONARD BROADBENT, entomologist and 
plant pathologist at the Rothamsted Ex- 
perimental Station in England, is con- 
ducting research at the Connecticut Agri- 
cultural Experiment Station, New Haven, 
Conn. Broadbent, who is an authority on 
transmission of virus diseases by insects, 
expects to visit this country for approxi- 
mately 34% mo. 


DOHRMANN K. PISCHEL, clinical pro- 
fessor of surgery at Stanford School of 
Medicine, is the new executive head of 
the division of ophthalmology in the de- 
partment of surgery. He succeeds a. 
EDWARD MAUMENEE, who has been ap- 
pointed head of the eye department at 
Johns Hopkins Medical School. 


FREDERIC W. RHINELANDER, assistant 
clinical professor of orthopedic surgery 
in the University of California School of 
Medicine, San Francisco, has been ap- 
pointed associate professor of orthopedic 
surgery at Western Research University 
School of Medicine. He also will be chief 
of the orthopedic service at City Hos- 
pital, Cleveland, Ohio. 


JOHN POWELL, formerly associate pro- 
fessor of physics at the University of Wis- 
consin, and more recently director of the 
theoretical physics section of the Missile 
Systems Division of Lockheed Aircraft 
Corp., has been appointed associate pro- 
fessor of physics at the University of 
Oregon. 


JOHN MARKLE, professor of botany at 
Texas A. & M. College, has been granted 
a leave of absence for the current aca- 
demic year. He will be visiting professor 
of botany in the department of biologi- 
cal sciences at Purdue University, where 
he will conduct research in collaboration 
with A. A. LINDSEY on the ecology of 
floodplains. 


JULIAN ROFFMAN of Toronto’s Merid- 
ian Productions has won the 1955 Blakes- 
lee award for producing the C.B.S. Tele- 
vision ‘motion-picture Gate 27. Charles 
O'Neill was the author of the play, which 
was a dramatization of the achievements 
of research on heart disease. 
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ROBERT S, HATCHER, former assistant 
chief of the U.S. Navy Bureau of Aero- 
nautics in charge of research and devel- 
opment, has been appointed director of 
the Guggenheim School of Aeronautics, 
New York University College of Engi- 
neering. He also was named chairman of 
the department of aeronautical engineer- 
ing, with the rank of professor. 

He succeeds FREDERICK K. TEICH- 
MANN, who has headed the Guggenheim 
School since 1945. Teichmann will de- 
vote full time to his duties as assistant 
dean in charge of the day division of the 
College of Engineering. 


PHILIP L, KURTZ, practicing physician 
and assistant professor of medicine at 
Indiana University, has joined the re- 
search laboratories of Eli Lilly and Co., 
Indianapolis, Ind. He has been named 
editor of De Re Medica, Lilly reference 
book on therapeutics and pharmacology 
that is undergoing revision; in addition, 
while s. 0. WAIFE is in military service, 
Kurtz will act as editor of the Physician’s 
Bulletin, the company’s monthly publi- 
cation. 


ROBERT G. PICARD, until recently man- 
ager of scientific instruments engineering 
for the Radio Corporation of America, 
has joined Central Scientific Co., Chi- 
cago, Ill., as director of research and 
engineering development. He replaces 
HARRIS M. SULLIVAN, who recently be- 
came associated with the General Elec- 
tric Co, Picard has spent the past 12 years 
in the development of scientific instru- 
ments in the fields of chemistry, physics, 
biology, and metallurgy. 


J. CHESTER BRADLEY, professor emeri- 
tus of the Cornell entomology depart- 
ment and a founder of the Entomological 
Society of America, has been elected an 
honorary fellow of the Royal Entomo- 
logical Society of London. Only 11 
Americans have been thus cited in the 
last 120 years. Outside of Great Britain, 
only 75 persons have ever been elected. 
In addition to Bradley, the only other 
living American so honored is R. E. SNOD- 
Grass, Smithsonian Institution, Wash- 
ington, D.C, 

The American Cancer Society’s Bronze 
Medal for “important contributions to 
the control of cancer for 1954” has been 
awarded to FRED W. STEWART, chief of 
the department of pathology at the Me- 
morial Center for Cancer and Allied 
Diseases, New York. 

JERROLD R. ZACHARIAS, director of the 
laboratory for nuclear sciences and en- 
gineering of the Massachusetts Institute 
of Technology, has been presented the 
Certificate of Appreciation, the Defense 
Department's highest civilian honor. The 
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citation stated that Zacharias, “by serv- 
ing as director of a series of military- 
scientific study projects of great national 
significance, has rendered exceptionally 
distinguished service and has given major 
impetus to the scientific progress of the 
United States Navy and Air Force.” 


ALFRED B. FOCKE, physicist, has been 
named director of the Marine Physical 
Laboratory of the University of Califor- 
nia’s Scripps Institution of Oceanog- 
raphy. He succeeds CHARLES S. WRIGHT, 
who has retired. Focke has been a mem- 
ber of the Scripps staff since 1954, before 
which he was associate technical director 
of research for the U.S. Navy Electronics 
Laboratory. 


R. J. POOL, emeritus professor of botany 
at the University of Nebraska, will serve 
as visiting professor of botany at South- 
ern Illinois University during the coming 
academic year. Pool was an active mem- 
ber of the Nebraska faculty for 42 years, 
and for 33 of those years he was chair- 
man of the botany department. 


MARTIN M. WINBURY, formerly of G. 
D. Searle and Co., Chicago, IIl., has been 
appointed senior pharmacologist in the 
pharmacology research department of 
Schering Corp., Bloomfield, N.J. 


Necrology 


ARTHUR VON KROGH ANDERSON, State 
College, Pa., 65, professor emeritus of 
physiological chemistry at Pennsylvania 
State University, 8 July. 

EDWARD P. CARTER, Bronxville, N.Y., 
85, retired associate professor of medi- 
cine at Johns Hopkins University, 31 
July. 

ISAAC M. CLINE, New Orleans, La., 94, 
meteorologist and author, retired head 
of the New Orleans Weather Bureau, 3 
Aug. 

PETER J. DULLIGAN, SR., Brooklyn, 
N.Y., 71, former senior surgeon of St. 
Mary’s Hospital, Brooklyn, 29 July. 

FREDERICK D. HERBERT, Upper Mont- 
clair, N.J., 81, retired president and di- 
rector of the Kearfott Co., Inc., makers 
of airplane instruments and electrome- 
chanical components, 4 Aug. 

SOLOMON R. KAGAN, Boston, Mass., re- 
tired physician and author, 29 July. 

JOHN I. MEAGHER, Washington, D.C., 
65, retired colonel, U.S. Army Medical 
Corps, assistant medical director at the 
University of Maryland, 1 Aug. 

ARNE M@LLER, Copenhagen, Denmark, 
librarian of the Danish Technical Uni- 
versity, president of the International 
Federation for Documentation, 27 June. 

DANIEL P. MowRY, Montreal, Canada, 
61, dean of the faculty of dentistry at 
McGill University, 2 Aug. 


ARVID E. ROACH, Detroit, Mich., 35, 
supervisor of bearing development for 
the General Motors Research Labora- 
tories, 28 July. 

GEORGE H. ROUNDS, Yarmouth, Me., 
79, retired professor of psychology at 
Columbia University, author, 29 July. 

FRANCIS J. STOKES, Philadelphia, Pa., 
81, founder and chairman of the board 
of the F. J. Stokes Machine Co., 1 Aug. 

PAUL L. TARRARA, Rochester, Minn., 67, 
retired head of the Mayo Clinic chirop- 
ody department and president emeritus 
of the American Association of Hospital 
Chiropodists, 28 July. 

SAMUEL weiss, Washington, D.C., 
executive director of the American Sta- 
tistical Association, 23 July. 

NORMAN C. YARIAN, Cleveland, Ohio, 
84, former chief of staff at Lutheran Hos- 
pital and instructor at Ohio Wesleyan 
University and Western Reserve Univer- 
sity Medical School, 28 July. 

LLOYD N. YEPSEN, New Lisbon, N.J., 
58, psychologist and superintendent of 
the New Lisbon State Colony for the 
Feeble-minded, 1 Aug. 


Education 


® A new degree, doctor of science in vet- 
erinary medicine, has been established 
at Cornell University. The D.Sc. in V.M. 
will be a professional degree for advanced 
study in such clinical practices as medi- 
cine, surgery, and therapeutics. The pro- 
gram was set up because it is felt that 
specialization in veterinary medicine has 
reached a point where the traditional 
Ph.D. program no longer suffices for all 
the various types of advanced training 
that are needed. 

A new division of veterinary medicine 
in the Cornell Graduate School will ad- 
minister the program. Applicants for ad- 
mission must have graduated from an 
approved school of veterinary medicine 
at least 5 years previously and must have 
published papers demonstrating their 
ability in independent research. 

Candidates with no graduate credit 
beyond their D.V.M. degree must com- 
plete at least 2 years of full-time study 
for the doctor's degree, and candidates 
with a master-of-science degree must 
complete at least 1 year. 


The U.S. Public Health Service’s Ve- 
nereal Disease Program has announced 
that nine laboratory refresher courses 
covering the serology of syphilis, man- 
agement and control of syphilis serology 
by the regional laboratory, and tests for 
syphilis using the Treponema pallidum 
will be offered at the Venereal Disease 
Research Laboratory in Chamblee, Ga., 
from Sept. 1955 through May 1956. 
Applications for any of the courses 
must be signed by the state health officer 
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or state laboratory director unless the 
applicant is an employee of the Public 
Health Service. In such instances, appli- 
cation must be approved by the medical 
officer-in-charge. Correspondence about 
these courses should be addressed to: 
Director, Venereal Disease Research 
Laboratory, Division of Special Health 
Services, PHS, Department of Health, 
Education, and Welfare, P.O. Box 185, 
Chamblee, Ga. 


® The Handbook For Teaching Conser- 
vation and Resource-use, a 450-page book 
just completed by the National Associa- 
tion of Biology Teachers, describes the 
best means of helping children under- 
stand the importance of natural re- 
sources. The publication was prepared 
by 200 teachers from 30 states. The how- 
to-do-it stories and 82 illustrations will 
be helpful to other teachers and youth 
leaders. 

The material for the Handbook was 
collected by the NABT National Conser- 
vation Committee. Since its initiation 
in 1951, the project has been directed 
by Richard L. Weaver of the School of 
Natural Resources, University of Michi- 
gan. The work was financed by a grant 
from the American Nature Association. 

The volume may be obtained from 
Dr. Weaver, Box 2073, Ann Arbor, Mich. 
The cost is $4 per copy, but schools will 
be allowed a 20-percent discount. The 
proceeds will be used by the committee 
to continue its conservation education 
activities in the various states. 


® The Michigan State Board of Agricul- 
ture has announced that, by action of 
the Legislature, the name of Michigan 
State College of Agriculture and Ap- 
plied Science has been changed to Michi- 
gan State University of Agriculture and 
Applied Science. 


® An appeal to the Nation’s publishers to 
help stimulate interest in high-school 
mathematics and science courses has 
been made by the president of the Na- 
tional Society of Professional Engineers. 
In a letter addressed to approximately 
800 publishers of daily newspapers, Alli- 
son C, Neff, of Middletown, Ohio, newly 
installed president of the 36,000-member 
engineering group, asked the help of the 
press as a first step to “stem the tide of 
students away from elementary mathe- 
matics, physics and chemistry.” 

Neff, vice president of Armco Drainage 
and Metal Products, Inc., asked publish- 
ers to consider these facts: (i) only 
about 25 percent of our high-school stu- 
dents now study algebra; (ii) only about 
12 percent of our high-school students 
now study geometry; (iii) there are many 
small, and even some large, high schools 
that offer no courses in the physical 
sciences. 
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®A special radiation biology course, one 
of the few offered in the United States, 
is being given for the second summer at 
the Duke University Marine Laboratory, 
Beaufort, N.C. The 6-wk course, which 
commenced 26 July, centers around study 
of how radiation affects living creatures. 
It provides background information and 
instruction in laboratory procedures for 
persons interested in radiation and radio- 
isotope studies. 

The biology division of the Oak Ridge 
National Laboratory is again cooperating 
with Duke in presenting the course, Five 
Oak Ridge scientists are visiting lec- 
turers: Norman G. Anderson, physiolo- 
gist; Alan D. Conger, cytologist; J. R. 
Totter, biochemist; Charles W. Shep- 
pard, physicist; and A. C. Upton, pa- 
thologist. 

The course includes laboratory study 
of the effects of radiation on both sperm 
eggs and cell division of marine organ- 
isms, as well as its effects on mammals, 
animal tumors, and plant chromosomes. 
A cobalt radiation source supplied by the 
Oak Ridge Laboratory is the principal 
tool, 


@The University of Chicago has ap- 
proved two new courses leading to the 
M.S. degree in radiological physics and 
in health physics. Both degrees will be 
awarded by the department of radiology, 
and students will be accepted in the fall 
quarter. Students entering these courses 
should have completed the equivalent 
of the University of Chicago B.S. degree 
in physics; they must, in any case, com- 
plete all of the requirements for the mas- 
ter’s degree. 

Two years’ residence is required be- 
cause of the broad scope of the academic 
program, the second year of which is 
spent one-half time in academic work 
and one-half time in service in the de- 
partment at a nominal rate of pay. Two 
years of course work give the student a 
strong background in physiology, bio- 
chemistry, biophysics, anatomy, toxicol- 
ogy, and radiological physics. Additional 
information may be obtained from Lester 
S. Skaggs, Department of Radiology, 
University of Chicago, 950 E. 59 St., 
Chicago 37, Il. 


Grants, Fellowships, and Awards 


® In addition to inviting Fulbright award 
applications [Science 122, 117 (15 July 
1955) |, the Committee on International 
Exchange of Persons of the Conference 
Board of Associated Research Councils 
has announced the availability of awards 
for lecturing abroad under the Smith- 
Mundt Act. In 1956-57 a limited num- 
ber of grants will be provided for lectur- 
ing in about 30 countries, including, 
according to present plans, Brazil, Chile, 


China (Taiwan), Colombia, Costa Rica, 
Cuba, Ecuador, Egypt, Guatemala, 
Haiti, Iceland, Indo-China, Iran, Israel, 
Korea, Lebanon, Mexico, Pakistan, Pan- 
ama, Paraguay, Peru, Portugal, Spain, 
Switzerland, Syria, Turkey, Uruguay, 
and Venezueia. 

Universities and colleges in these coun- 
tries are expected to request American 
lecturers for the academic year, or occa- 
sionally for shorter periods, in a wide 
variety of fields. On the basis of past 
experience, the committee expects the 
science requests to be concentrated in 
agriculture, anthropology, chemistry, en- 
gineering, geology, mathematics, physical 
education, physics, psychology, and soci- 
ology. 

Foreign universities usually communi- 
cate their needs to the Conference Board 
committee at intervals throughout the 
year, generally a year in advance, but 
in some cases only 2 to 3 mo before the 
starting dates of the lectureships. Under 
these circumstances, the committee be- 
lieves it advisable not to issue program 
announcements and invite applications, 
but, instead, to ask interested professors 
to register with the committee. The reg- 
ister will be consulted for qualified can- 
didates for lectureships under the Smith- 
Mundt Act, and also for lectureships that 
remain unfilled in the exchange program 
under the Fulbright Act after the review 
of applications submitted in the open 
competition. 

Persons wishing to register must be 
citizens of the United States. In general 
they will be expected to have had at least 
1 year of college or university teaching 
experience in the United States or 
abroad. The committee invites corres- 
pondence from professors interested in 
lecturing abroad, either in the immediate 
or indeterminate future. For information 
write the Conference Board of Associated 
Research Councils, Committee on Inter- 
national Exchange of Persons, 2101 Con- 
stitution Ave., Washington 25, D.C. 


®@The Arthritis and Rheumatism Foun- 
dation is offering the following fellow- 
ships for research in the basic sciences 
related to arthritis: (i) predoctoral fel- 
lowships ranging from $1500 to $3000 
per annum, depending on the family re- 
sponsibilities of the fellow, tenable for 
1 year with prospect of renewal; (ii) 
postdoctoral fellowships ranging from 
$4000 to $6000 per annum, depending 
on family responsibilities, tenable for 
1 year with prospect of renewal; (iii) 
senior fellowships for’more experienced 
investigators that will carry an award of 
$6000 to $7500 per annum and are ten- 
able for 5 years. 

The deadline for applications is 15 
Oct. For information, address the Medi- 
cal Director, Arthritis and Rheumatism 
Foundation, 23 W. 45 St., New York 36. 
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® Acting for the American Cancer Soci- 
ety, the Committee on Growth of the 
National Academy of Sciences—Research 
Council is accepting applications for 
grants-in-aid for cancer research in the 
United States. Applications received be- 
fore 1 Oct. will be considered during 
the winter; grants that are recommended 
will become effective on 1 July 1956. In- 
vestigators now receiving support will 
be notified regarding application for re- 
newal. 

The committee feels that an under- 
standing of cancer depends upon a deeper 
insight into the nature of the growth 
process, normal and malignant. There- 
fore, the scope of the research program 
is broad and includes, in addition to clin- 
ical investigations on cancer, fundamen- 
tal studies in the fields of cellular physi- 
ology, morphogenesis, genetics, virology, 
biochemistry, metabolism, nutrition, cy- 
tochemistry, physics, radiobiology, chem- 
otherapy, endocrinology, and carcino- 
genesis. The committee is particularly 
interested in encouraging research in the 
epidemiology of cancer. Application 
blanks may be obtained from the Execu- 
tive Secretary, Committee on Growth, 
National Research Council, 2101 Con- 
stitution Ave. NW, Washington 25, D.C. 


In the Laboratories 


® A comprehensive program of scientific 
research designed to develop improved 
processing methods and to create new 
uses for cattle hides has been launched 
by the American Meat Institute Foun- 
dation, Chicago, Ili. Financing, which 
has been arranged at the rate of $25,000 
per year for a 3-year period, has been 
underwritten through special contribu- 
tions by beef processing establishments 
located in all parts of the United States. 
The new research program has been 
established to combat the increasingly 
serious loss of markets for hides and 
skins to competitive products. 


® The Ramo-Wooldridge Corp., Los An- 
geles, Calif., has announced the estab- 
lishment of a new division, the Aeronau- 
tics Research Laboratory, that will be 
devoted to advanced studies and projects 
in aerodynamics and related fields. Mil- 
ton U. Clauser is to be director of the 
laboratory, but he will continue his duties 
in the company’s guided missile research 
division. 


#®On 29 July Chas. E. Oakes, president 
of Pennsylvania Power and Light Co., 
informed the Atomic Energy Commis- 
sion of the company’s decision to build 
privately financed atomic-electric 
power plant of at least’ 150,000 kw. The 
plant will utilize a homogeneous-type 
reactor, on the basis that such a plant 
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will be commercially competitive with 
generating stations using conventional 
fuels. The new facility is expected to be 
operating by 1962. 

A contract has been entered into with 
Westinghouse Electric Corp. as code- 
veloper with PP&L in the design and as 
supplier for the reactor and its related 
electric generating equipment. The joint 
program will be known as the Pennsyl- 
vania Advanced Reactor Project (PAR 
Project 


®Chemsearch, New Rochelle, N.Y., a 
new mail service for supplying informa- 
tion about sources of organic chemicals, 
has been organized by L. E. Mackay and 
E. A. Falco, formerly of Wellcome Re- 
search Laboratories. 


Miscellaneous 


® Biological Abstracts has announced 


publication of Biological Sciences, Serial 
Publications, a World List 1950-1954. 
This is the fourth bibliography compiled 
by the Science Division of the Library of 
Congress. The titles of these publications, 
which are designed to keep scientists in- 
formed of the world literature in their 
field, are (i) Scientific and Technical 
Serial Publications, United States 1950- 
1953; (ii) Scientific and Technical Serial 
Publications, Soviet Union 1945-1953; 
and (iii) Chinese Scientific and Techni- 
cal Serial Publications in the Collections 
of the Library of Congress. All but the 
Chinese bibliography, which was a sepa- 
rate Science Division project, have been 
sponsored by the National Science Foun- 
dation. Unlike the earlier works, which 
deal with publications from the various 
scientific disciplines on a geographic 
basis, the present volume is prepared on 
a subject basis: it includes biological 
serials, wherever published. 

The period covered by this compila- 
tion begins with Jan. 1950 and ends with 
Dec. 1954, except where more recent 
bibliographic information has made pos- 
sible the inclusion of a few 1955 titles. 
The text consists of about 3500 titles, 
grouped under the broad headings of 
general biology; botany; zoology; science 
of man; and general science. (The last 
category contains serials that contribute 
significant numbers of biological papers. ) 

Except in those rare instances when a 
serial was not available for examination, 
under each title is listed the issuing 
agency and/or publisher; the city and 
country of publication; the date of first 
issue; and the frequency of most recent 
issues. Bibliographic notes include (i) 
description of publications whose nature 
is not revealed by title or frequency ((.e., 
monographic series, collected reprints) ; 
(ii) language of text or summaries, or 
both, when they differ from the title; and 


iii) data such as title changes, mergers, 
or any interruption of publication. Lastly, 
the contents, or types of material making 
up the regular features of a publication, 
are described briefly. 

Following the text is what is believed 
to be a very useful feature, an “Index 
of Titles, Societies and Institutions,” ar- 
ranged by country of origin and publica- 
tion. This index is coded to indicate, 
also, those serials that appear in the May 
1955 list of publications serving as source 
material for Biological Abstracts. The 
volume concludes with a subject index. 

Biological Abstracts is so deeply con- 
vinced of the need of biologists and of 
all those concerned with the literature 
of biology for a world list of biological 
serials that it has undertaken the publi- 
cation and distribution of this work. At 
a cost of $2 each, copies may be obtained 
from Biological Abstracts, University of 
Pennsylvania, 3815 Walnut St., Phila- 
delphia 4, Pa. 


"The estimates of requirements for 
rhesus monkeys for medical and biologi- 
cal purposes, submitted in response to 
the Public Health Service survey of 
needs, was completed on 5 June 1955. 
Further action has been delayed pending 
negotiations by the State Department 
with the Government of India. It is now 
reported that the United States Mission 
to India and the United States Embassy 
in India have secured the agreement of 
the Government of India to permit ex- 
portation of rhesus monkeys for the 
period ending 30 June 1956, under cer- 
tain conditions. 

All needs must be certified by the 
United States Government through the 
Public Health Service. Information con- 
cerning Public Health Service procedure 
and Certificate of Need forms may be 
secured from National Institutes of 
Health, Room 1012, Building T-6, 
Bethesda 14, Md. 


#®On | July the Bureau of Ordnance, 
Department of the Navy, Washington 25, 
D.C., published an 88-page list of current 
vacancies in the bureau and in its field 
stations. Many of the employment op- 
portunities described are for engineers, 
physicists, and mathematicians. 


® A 500-volume ecology and entomology 
library owned by the late G. M. Bentley 
has just been purchased by the Oak 
Ridge National Laboratory Libraries Di- 
vision for use in the Health Physics Di- 
vision library. Bentley, state entomolo- 
gist and plant pathologist, was professor 
of entomology at the University of Ten- 
nessee before his death last year. The 
library also contains some 1600 reprints 
that were the collection of E. A. Po- 
penoe, one of the country’s earliest 
teachers of entomology. 
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Reports and Letters 


Cis-aconitic Decarboxylase 


Isotopic tracer studies have shown that 
the biosynthesis of itaconic acid in fungi 
is closely related to tricarboxylic acid 
cycle reactions (/, 2) probably proceed- 
ing through decarboxylation of cis-acon- 
itic acid (3). Previously, Calam, Ox- 
ford, and Raistrick had ruled out this 
possibility because of negligible conver- 
sion of citric acid to itaconic acid in re- 
placement experiments (4). Further- 
more, it has not been possible to demon- 
strate the presence of citric or cis-aconitic 
acids in culture filtrates of Aspergillus 
terreus (2). 

Direct evidence for a role of cis-aco- 
nitic acid in itaconic acid biosynthesis 
has now been obtained with preparations 
of a soluble enzyme, cis-aconitic acid 
decarboxylase (5). These preparations, 
which are most active over the range 
pH 5.6 to 5.9, readily decarboxylate cis- 
aconitic acid but not trans-aconitic acid, 
forming stoichiometric amounts of ita- 
conic acid and carbon dioxide. Trans- 
aconitic acid is not a competitive inhibi- 
tor. Cis-aconitic decarboxylase is a rather 
unstable enzyme in the present prepara- 
tions, losing about half of its activity 
during overnight storage at 0°C. The 
enzyme is almost fully active after dialy- 
sis for 2 hr at 0°C against 0.05M phos- 
phate buffer, pH 7, but it is completely 
inactive if this dialysis is continued over- 
night. The activity of such preparations 
is not restored by the addition of boiled 
preparations or by other possible cofactor 


Table 1. Results of a typical experiment. 
Each flask contained 1 ml of enzyme prep- 
aration, 1.6 ml-of 0.2M phosphate buffer 
(pH 5.6), with cis-aconitic acid added as 
a neutral sodium salt from side arms. The 
reaction was carried out for 90 min. 


Cis- Ita- 
aconitic Carbon conic Aconitic 
acid dioxide acid acid 


ini- evolved pro- recovered? 


tially* (uM) ducedt (uM) 


(uM) (uM) 
6.6 5.3 5.4 Not determined 
13.2 9.8 10.7 1.1 


* Calculated from weight of cis-aconitic anhydride 
used. 

+ These values have been corrected for the itaconic 
acid originally present in the enzyme preparation. 
t Mainly as the trans form. 
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sources (yeast extract, Mg*t+, Mn**, and 
pyridoxal phosphate ). 

The enzyme preparations are obtained 
from surface cultures of A. terreus grown 
at 28°C on 100-ml portions of the med- 
ium described by Lockwood and Ward 
(6). The mycelial pad covers the surface 
4 to 5 days after inoculation, at which 
time the culture medium contains be- 
tween 7 and 15 mg of itaconic acid per 
milliliter. The original culture medium 
is replaced with distilled water (100 ml), 
and the mycelium is allowed to stand on 
this water for 1 hr at- room temperature. 
All subsequent operations are carried out 
in the cold room. The mycelium, which 
in a typical case has a wet weight of 2.3 
g and a dry weight of 0.6 g, is washed 
with several portions of ice cold water 
and is then ground in a mortar with 
3 ml of 0.2M phosphate buffer, pH 6.5, 
in the presence of about 1.5 g of glass 
beads (7). The paste is diluted with 
more phosphate buffer (7 ml) and cen- 
trifuged at 1500 g for 20 min at O0°C. 
The supernatant is passed through a filter 
paper, yielding an opalescent solution 
with a slight orange-tan color. Such solu- 
tions have pH values between 6.5 and 
6.7 and contain some itaconic acid that 
is released from the cells during the 
grinding process. The protein content 
is between 2.5 and 3.0 mg/ml. Similar 
preparations of the enzyme have been 
obtained from the vegetative mycelium 
that is obtained in shake cultures; in 
these cases, the mycelium is separated 
and washed by centrifugation prior to 
grinding. 

The decarboxylation reaction is fol- 
lowed manometrically at 37°C. After 
the reaction is completed, deproteini- 
zation is carried out with alcohol, and 
the organic acids present are separated 
by partition chromatography on Celite 
columns (8). Solvents are evaporated 
from the appropriate pooled fractions 
and the residues are analyzed for aconitic 
and itaconic acids by a modification of 
the method of Dickman (9‘. The re- 
sults in a typical experiment are shown 
in Table 1. 

This appears to be the first description 
of an enzyme that can bring about the 
decarboxylation of an a,B-unsaturated 
acid, producing the methylene group. 
Similar enzymes may play a role in the 
biosynthesis of other naturally occurring 


compounds that contain this group (for 
example, alliin, penicillic acid, allyl 
phosphate, and more complex com- 
pounds in the terpene series). In partic- 
ular, it seems possible that the biosyn- 
thesis of the recently discovered y- 
methylene-a-ketoglutaric acid (/0) and 
of the related y-methylene glutamic acid 
and y-methylene glutamine (//) may 
be closely related to that of itaconic acid. 
It is suggested that the y-methylene-a- 
ketoglutaric acid is obtained by the 
action of a specific decarboxylase on 4- 
oxo - 1-butene - 1,2,4-tricarboxylic acid. 
The most likely precursor for this un- 
saturated acid appears to be 2-hydroxy- 
4 - oxo - 1,2,4 - butanetricarboxylic acid 
(oxalocitramalic acid); since this is not 
a metabolic intermediate (1/2), the 
closely related 4-phosphate of 2,4-di- 
hydroxy - 1,2,4 - butanetricarboxylic acid 
may be the actual C; compound in- 
volved. This phosphate is known to be 
present in dog liver (13,) and has been 
identified as an intermediate in bacterial 
metabolism (/4). 
Ronatp BENTLEY 

Ciara 
Department of Biochemistry and 
Nutrition, Graduate School of Public 
Health, University of Pittsburgh, 
Pittsburgh, Pennsylvania. 


References and Notes 


1. R. H. Corzo and E. L. Tatum, Federation 
Proc. 12, 470 (1953). 

2. R. Bentley, ibid. 13, 182 (1954). 

3. K. Kinoshita, Acta Phytochim. (Tokyo) 5, 
271 (1931). 

4. C. T. Calam, A. E. Oxford, H. Raistrick, Bio- 
chem. J. (London) 33, 1488 (1939). 

5. This work was carried out with the aid of a 
National Science Foundation grant (NSF G 
425), which is gratefully acknowledged. 

6. L. B. Lockwood and G. E. Ward, Ind. Eng. 
Chem. 37, 405 (1945). 

. U.S. standard sieve size, minus 70 plus 80; 
these beads were supplied by A. S. Lapine 
and Co. 

8. E. F. Phares et al., Anal. Chem. 24, 660 
(1952); H. R. V. Arnstein and R. Bentley, 
Biochem. J. (London) 3A, 493 (1953). 

9. S. Dickman, Anal. Chem. 24, 1064 (1952). 

10. G. H. N. Towers and F. C. Steward, J. Am. 
Chem. Soc. 76, 1959 (1954); L. Fowden and 
J. A. Webb, Biochem. J. (London) 59, 228 

(1955). 

ll. J. Done and L. Fowden, ibid. 51, 451 (1952) ; 
R. M. Zacharius, J. K. Pollard, F. C. Steward, 
J. Am. Chem. Soc. 76, 1961 (1954). 

12. C. Martius, Hoppe-Seyler’s Z. physiol. Chem, 
279, 96 (1943). 

13. S. Rapoport and R. H. Wagner, Nature 168, 
295 (1951). 

14. W. W. Umbreit, J. Bacteriol. 66, 74 (1953). 


6 May 1955 


Copper in Hair 


In a recent paper on the nature of pig- 
ments derived from tyrosine and trypto- 
phan in animals (7), Kikkawa, Ogita, 
and Fujito have proposed the idea that 
color of hair is in some way related to its 
content of iron, cobalt, nickel, molybde- 
num, and copper. 
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Loss of coat color in cattle grazing on 
pastures high in molybdenum content has 
been observed in England (2) and in 
California (3), and it is now well-known 
that the feeding of small amounts of cop- 
per sulfate to affected animals restores 
the color.to new growth of hair. It has 
also been shown by Goss (4) that the 
wool of black sheep that are fed an ex- 
cess of molybdenum as sodium molyb- 
date grows out colorless, but the black 
pigment quickly reappears when 100 
parts of copper per million are added to 
the high molybdenum ration. 

Analyses of the black wool for copper 
showed 17 ppm, whereas the grey por- 
tion of the same fibers after molybdenum- 
feeding contained only 13 ppm. However, 
white wool from normal sheep consist- 
ently showed more copper than black, 
contrary to the report of Kikkawa et al. 


Table 1. Copper content of hair in parts 
per million of washed, dry hair. 


This Kikkawa 


Source report et al. 
Cat, black 14 
Cat, white 34 


Holstein cow, black area 12 
' Holstein cow, white area 13 
Hereford cow, dark red 27 
Hereford cow, light red 30 
Hereford cow, light red 26 
Hereford calf, red area 17 
Hereford calf, white area 23 


Angus bull, red 15 
Dog, black 17 
Dog, white 25 
Guinea pig, black 11 8 
Guinea pig, golden 13 5.2 
Guinea pig, white (al- 

bino) 15 2.3 
Hog, black 17 
Hog, white 12 
Horse, black 10 
Horse, white 15 
Man, Caucasian, 

3-yr-old child, red 47 

Same, as adult 15 

Adult, red 18 

Mexican child, red 18 
Man, Mongolian, black 15 19 
Man, Negroid 15 31 
Rabbit, black 14 3 


Rabbit, white (albino) 17 Trace 
Rabbit, white (albino) 20 
Rabbit, white (albino) 19 


Rat, black 14 
Rat, white (albino) 14 
Sheep, black 17 
Sheep, black, high Mo 
feed _ 13 
Sheep, white 
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for the guinea pig, rabbit, and man. We 
therefore collected samples of light and 
dark shades of hair from a number of 
species and determined the copper con- 
tent. The values are given in Table 1, to- 
gether with the corresponding figure 
from the paper by Kikkawa et al. (1), 
recalculated in parts per million. Appar- 
ently their results were obtained by spec- 
troscopic analyses of the ash obtained by 
combustion of the hair in a furnace at 
600°C, Our results were obtained on 
thoroughly washed and dried hair by a 
“wet-ashing” method using sulfuric, per- 
chloric, and nitric acids; the copper was 
estimated colorimetrically in duplicate 
by use of the diethyldithiocarbamate 
method described by Clare et al. (5). 
Except in the hog, we have found as 
much, if not more, copper in white 
or light-colored hair than we have found 
in black hair of the same species. 

As far as the copper content of hair is 
concerned, our results do not agree with 
those reported by the Japanese authors, 
and we find no confirmation of the state- 
ments that black hair is associated with 
a high copper content, and that white 
hair is low in copper or contains only a 
trace of copper. 

Haro.p Goss 
M. M. Green 
Departments of Animal Husbandry and 
Genetics, University of California, Davis 
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Enhancement of Radiobiological 
Effect by Malonic and Maleic Acids 


Certain biological actions of radiations 
are generally believed to involve chemi- 
cal intermediates, mostly formed from 
irradiated water, and in some of these 
actions the intermediates are believed to 
be peroxides (/). These substances may 
attack various important reaction systems 
in the cell at various sites, for example, 
sulfhydryl and other reactive groups, 
especially in sulfhydryl enzymes (2). 

In many of our experiments, in which 
cell death was the criterion of effect, we 
failed to enhance the radiation effect 
by inhibiting oxidative phosphorylation, 
which has recently been reported to be 
exceptionally sensitive to irradiation (3). 
These negative results may be due to 
masking effects or to recovery of the sys- 
tem. Only with malonic and maleic acids 


were positive results obtained. Malonic 
acid inhibits oxidative phosphorylation 
and is highly specific as a competitive in- 
hibitor of succinic dehydrogenase. Maleic 
acid, although not so specific for succinic 
dehydrogenase, is a universal inhibitor of 
sulfhydryl enzymes. 

Saccharomyces ellipsoideus, the ex- 
perimental material, was cultured in 
Nageli’s solution for many generations. 
After x-irradiation (60 kv, 1000 r/min), 
the cells were cultured on Nageli agar at 
pH 7. Photographs were taken and mi- 
croscopic counts were made at intervals 
for some 20 hr. Single cells and also pairs 
of enlarged cells, which are ascribed to 
death after one division, were scored as 
nonsurvivors; the counts of these cate- 
gories do not change in the course of pro- 
longed incubation. Five to 10 cultures 
were counted in each experiment, and 
every culture contained 400 to 500 cells. 

Malonic acid in concentration 10-°M 
without irradiation produced no detect- 
able injury. Its sensitizing action, when it 
was added to the Nageli culture solution 
before irradiation, is demonstrated by 
the data in Table 1. 

If fumaric or aspartic acid was added 
to the Nageli agar on which the cells 
were cultured after irradiation, the re- 
sults shown in Table 2 were obtained. It 
appears that the effect of each of these 
acids on cells pretreated with malonic 
acid is essentially to bring the survival 
back to the value obtained when malonic 


Table 1. Sensitization by malonic acid 
applied ‘before irradiation. 


Percentage survival 
(calibrated by control ) 


X-ray = 
dose Malonic No 
r) 
acid, malonic 
10°M acid 
0 100 +1.3 100 +1.1 
10,000 45.1+3.2 77.5+6.5 
20,000 32.8 +2.1 47.9 +3.2 
30,000 17.8+2.4 30.0 + 1.2 
50,000 8.6 +0.9 10.6 + 0.4 


Table 2. Recovery owing to fumaric and 
aspartic acids after 20,000 r of x-rays 
(calibrated by nonirradiated cells). 


Treatment Treatment 


before soon after Survival 
irradiation irradiation (‘%) 
None None 48.0+2.4 
Malonic Fumaric acid, 
acid, 10°M 10°M 50.0 + 1.1 
None Fumaric acid, 
10°M 50.0 + 1.3 
Malonic Aspartic acid, 
acid, 10°M 10°M 51.8+2.8 
None Aspartic acid, 
10°M 51.8+1.9 
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Table 3. Recovery owing to cysteine after 
20,000 r of x-rays (calibrated by non- 
irradiated cells). 


Treatment Treatment F 
Survival 
before after (%) 
irradiation irradiation \ 
Malonic acid, Cysteine, 
10°M 10°M 67.2+2.4 
None Cysteine, 
10°M 72.1 + 2.6 


Table 4. Sensitization by maleic acid ap- 
plied before 20,000 r of x-rays (2000 cells 
were counted as a whole, and calibration 
was held by control). 


Molar 


Survival (% ) 
concn. of 
maleic 
acid in 
irradiated 
soln. 
10° 22.6 85.3 
10° 36.1 96.2 
10° 43.4 102.1 


0 47.1 100 


acid was not used (compare Table 2 with 
third line of Table 1). This may be ex- 
plained on the hypothesis that fumaric 
or aspartic acid removes the block pro- 
duced in the tricarboxylic acid cycle by 
malonic acid. 

In other experiments, cysteine was 
added to the Nageli agar to reactivate 
altered sulfhydryl groups in the irradi- 
ated cells (Table 3). Although there was 
a substantial recovery owing to cysteine 
(compare Table 1 with Table 3), the 
sensitizing action of malonic acid was not 
completely overcome by the cysteine; 
there was the statistical significance of 
the difference between 67.2 and 72.1 
percent. 

The effect of maleic acid on radiosen- 
sitivity is shown by the data in Table 4. 
This acid, in concentrations less than 
10-°M, has no inhibiting influence on 
growth of the yeast cell but seems to 
sensitize the cell to radiation, the effect 
varying directly with concentration in 
the culture medium. However, its con- 
centration and distribution in the cell 
are unknown. 

M. Kica 
Y. ANpbo 
H. Koike 
Department of Radiology, 
Showa Medical School, Tokyo, Japan 
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Tests of a Soil Sterilant 
for Forestry Use 


The chemical compound 3-(P-chloro- 
phenyl )-1,1-dimethylurea (CMU) (1) 
has been tested in the sand hills of west- 
ern Florida to determine whether it 
would kill scrub oaks and wire grass and 
permit reforestation with planted pines. 
CMU (2) is a nonvolatile, slightly acid, 
grayish-white powder with a very low 
solubility in water (230 ppm). It has 
relatively low flammability and mam- 
malian toxicity. 

The chemical was applied to the soil 
as an aqueous suspension in 10 dosages 
from 0 to 37 lb /acre in March 1953, each 
treatment being replicated four times. 
Mortality of woody plants was deter- 
mined by actual stem count, while ground 
cover was surveyed by line-spot tran- 
sects. The results are based on differ- 
ences between pretreatment and post- 
treatment vegetation surveys. 

A vegetation survey that was made 16 
mo after application showed that dosages 
of 11 lb or more per acre had controlled 
scrub oaks of all sizes. Twenty-two 
pounds or more was necessary to control 
grass and other ground cover. Necrosis 
first appeared around the leaf margins of 
oaks and on the tips of pines and grasses. 
Oaks (Quercus laevis and Q. incana) 
that received dosages of 22 lb or more 
lost as many as three sets of leaves during 
the first growing season after treatment. 
Wire grass (Aristida stricta), the pre- 
treatment dominant, was nearly eradi- 
cated at dosages around 7 lb /acre, but it 
was replaced by Sorghastrum nutans, 
Panicum virgatum, Andropogon scopa- 
rius, and Andropogon floridanus during 
the second growing season after treat- 
ment (Table 1). Ingressive grasses in 
treated plots were much taller and mory 
vigorous than those in untreated border 
strips. Weed species that were the most 
resistant to CMU included cactus 


Table 1. Mortality of oaks and ground 
cover at end of second growing season 
after application of CMU to the soil. 


Mortality ( % ) 


4-8 ft 1-4ft 
acre ) = tall tall cover 
0 0 19 13 5 
1 26 0 0 31 
2 23 12 19 11 
+ 57 20 4 14 
7 87 84 13 14 
11 98 99 97 3 
16 100 100 99 43 


(Opuntia spp.), saw-palmetto (Serenoa 
repens), sassafras (Sassafras albidum), 
and yucca (Yucca spp.). 

Forty-nine slash pines (Pinus elliottii 
Engelm.) were planted in each plot in 
January 1954, 9 mo after application of 
the chemical. Analyses of soil samples for 
residual CMU were made in July 1954. 
Phytotoxic amounts were found even in 
soil that had received dosages of 4 lb/ 
acre; pine survival counts made in Sep- 
tember 1954 revealed that 24 percent of 
the trees in this treatment were dead or 
severely chlorotic. Pines in the 37-lb 
treatment suffered 98-percent mortality 
and injury. The persistence of CMU even 
at low dosages makes its value for use in 
forestry questionable. 

Frank W. Woops* 
Southern Forest Experiment Station, 
Forest Service, U.S. Department 
of Agriculture 


Notes 
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2. E. I. du Pont de Nemours and Co. supplied 
the chemicals that were used in this study and 
made analyses of soil samples. 

* 


Stationed at East Gulfcoast Research Center, 
Marianna, Fla. 


13 June 1955 


Sound of Boiling 


An interest in the sound of boiling 
liquids has been apparent for years. 
Chemical plant operators in charge of 
evaporators and _ reboilers sometimes 
judge the performance of their equip- 
ment by the noise emitted. A general 
superstition is that the louder the noise 
of boiling the better the performance of 
the equipment. The noise that occurs as 
a hot metal is quenched in a liquid has 
received notice. A change in pitch ac- 
companies the drop in temperature (/). 
The noise accompanying the overloading 
and resulting burnout of electric heaters 
immersed in water has been reviewed 
(2). 

Researchers also occasionally depend 
on the sound of boiling. When boiling 
data are obtained, it is important to 
know which type of boiling is occurring. 
Boiling can occur by at least three dif- 
ferent mechanisms. These are different 
to the eye and the ear and also in the 
manner in which the heat transfer de- 
pends on the temperature driving force. 

The relationship between the heat- 
transfer rate and the over-all temperature 
driving force for each type of boiling, 
with methyl alcohol, is shown in Fig. 1. 
The short crosslines indicate the boun- 
daries between the types of boiling: nu- 
cleate, transition, and film boiling. 

Visual studies of the types of boiling 
have been made with still photography, 
using exposures of 10-* sec, and with 


SCIENCE, VOL. 122 


| 
| j | 
| 
| 
| 
| 
22 100 100 99 74 
. 29 100 100 100 86 


motion pictures at a speed of 4000 
frames /sec (3). These studies show, as 
described here, that the manner of for- 
mation of vapor bubbles is entirely dif- 
ferent in each of the three types of boil- 
ing. 

The purpose of the investigation de- 
scribed here (4) was to determine how 
the sound of boiling depends on the type 
of boiling. 

Methyl! alcohol was boiled at atmos- 
pheric pressure at 148°F in a glass boiler, 
approximately 1 gal of liquid being em- 
ployed. Heat was supplied from a hori- 
zontal copper bayonet heater in. long 
and % in. in diameter. Saturated steam 
at various pressures condensed inside this 
heater tube. The methanol vapors passed 
overhead, where they were condensed 
and returned to the boiler. Measure- 
ments included the heat-transfer rate 
from the tube to the methanol and also 
the over-all temperature difference be- 
tween the steam and the methanol. 

The sound measurements were made 
through a crystal microphone located 6 
in. from the boiler wall at the same ele- 
vation as the heating tube. Interposed 
between the boiler wall and the heater 
tube was | in. of liquid methanol. The 
microphone was mounted directly on a 


General Radio Co. sound level meter, 


Type 759-B. This meter indicated the in- 
tensity of the total sound in decibels in 
the frequency range from 25 to 7500 
cy/sec. 

Preliminary tests showed that the back- 
ground noise was severe during ordinary 
working hours. Therefore the final data 
were obtained late at night when the 
background noise was not significant. 
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Fig. 2. Effect of heat flux on the sound of 
boiling methanol. 
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SOUND OF BOILING METHANOL , DECIBELS 


TEMP. DIFFERENCE,°F 


Fig. 3. Effect of temperature driving force 
on the sound of boiling methanol. 


The sound of boiling is indeed a func- 
tion of the heat-transfer rate during boil- 
ing (Fig. 2), but not in the way generally 
imagined. Contrary to popular opinion, 
the sound does not increase continuously 
with the heat flux. Inasmuch as the heat- 
transfer rate is a function of the tempera- 
ture driving force, the sound is a function 
also of the temperature difference be- 
tween the hot solid and the boiling liquid 
(Fig. 3). 

During nucleate boiling any increase 
in the temperature difference causes an 
increase in the heat flux and an accom- 
panying increase in the sound intensity. 
Nucleate boiling—that is, repeated, sys- 
tematic, bubble formation at specific lo- 
cations on the hot solid—ceases at a 
temperature difference of 85°F, and 
transition boiling exists from this value 
up to about 130°F. During transition 
boiling, bubbles form violently and ex- 
plosively at random locations on the hot 
tube. The sound increases steadily as the 
transition region is traversed. However, 
although the sound increases, the heat 
flux decreases. Above a temperature dif- 
ference of 130°F, film boiling occurs and 
the sound level is rather uniform. During 
film boiling, the hot solid is blanketed 
with a film of vapor, and no solid-liquid 
contact occurs. The heat transfer be- 
comes very poor. A trained listener 
should be able to distinguish between nu- 
cleate boiling and film boiling by ear. 
He would have difficulty in classifying the 
transition type of boiling. 

Runs 2A, 2B, and 2C (Fig. 3) show 
that the reproducibility of results, on a 
single night, was close. A small, but pos- 
sibly important, difference exists between 
run 2B and the other two. Run 2B was 
made with successively increasing values 
of the temperature difference; runs 2A 
and 2C were made in the reverse direc- 
tion. Hysteresis in boiling curves (heat 
transfer rate versus temperature differ- 
ence) has been reported by at least one 
group of observers (5). The sound meas- 
urements support their observations. 

A pertinent fact was discovered by tak- 


ing data on two different nights. Runs 
1A and 1B were taken 5 nights prior to 
the second series. The relationships are 
the same qualitatively on the two occa- 
sions, but they are different quantita- 
tively. On the second occasion (runs 2A 
to 2C), great care was taken to make 
sure that the copper tube was highly pol- 
ished and that the methanol was well de- 
gassed. The sound of boiling is influenced 
either by the smoothness of the hot solid 
or by the dissolved gas content of the 
boiling liquid. Both of these possible 
causes are suspected. It is known that the 
heat-transfer rate during boiling is influ- 
enced both by the surface texture of the 
solid (5) and by the dissolved gas con- 
tent of the liquid (6). Further tests will 
be needed to evaluate the individual 
effects of these two factors. 

J. W. Westwarer 

A. J. Lowery, Jr. 

F. S. Pramuk 

Division of Chemical Engineering, 
University of Illinois, Urbana 
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Diffusion of Sodium Ions from 
Cerebral Tissue in vitro 


The diffusion of inorganic ions from 
pieces of tissue into surrounding stirred 
aqueous media follows a double exponen- 
tial time course (Fig. 1), which has been 
attributed to  intracellular-extracellular 
tissue compartmentation This inter- 
pretation is brought into question by the 
present observations (2), which afford 
strong presumptive evidence that, at least 
in the case of sodium diffusion from 
pieces of brain tissue in vitro, the double 
exponential curve depends upon other 
physical factors. 

Figure | is the semilogarithmic plot of 
the concentration of radioactive sodium 
(3) remaining in pieces of brain after 
various times of diffusion. Since each 
point was established by 10 to 15 experi- 
mental determinations, and since each 
arm of the curve was fixed by several 
points, there would appear to be little 
question concerning the double exponen- 
tial form of the curve. Its significance, 
nevertheless, is not uniquely determined. 

In a general study of the physical laws 
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governing diffusion of molecules out of 
a solid into a stirred liquid, March and 
Weaver (4) demonstrated that such 
curves occur in simple nonorganic physi- 
cal systems as well as in biological sys- 
tems. Danckwerts (5) similarly demon- 
strated, on the basis of classical diffusion 
theory, that diffusion can be described in 
terms of a series of exponential functions 
regardless of the shape of the particle 
from which the diffusion occurs. 

The workers cited previously (/) have 
presumed that the first, rapid portion of 
the curve is related to diffusion from ex- 
tracellular spaces, while the later, slower 
part is related to diffusion from intracel- 
lular spaces. No such relationship can be 
inferred from Fig. 1, for only 10 percent 
of the sodium was present in the rapidly 
emitted component. The assumption that 
this sodium is extracellular requires the 
untenable conclusion that 90 percent of 
brain sodium is intracellular. (The hy- 
pertonicity of the sucrose solution used 
was not of basic importance because simi- 
lar percentages of rapidly diffusible so- 
dium were observed with isotonic Ring- 
er’s solution as the immersion medium). 

Moreover, the percentage of sodium in 
the rapid component varies with the sur- 
face-to-volume ratio, as shown in Table 
1, which presents the data from diffusion 
curves similar to those of Fig. 1; how- 
ever, the curves were determined with 
tissue pieces of different surface-to-vol- 
ume ratios. The percentage diffusing rap- 
idly was found to be directly proportional 
to surface area. The calculated ratios be- 
tween surface area and rapid sodium loss 
(column three of Table 1) were identical 
within the limits of experimental error; 
this is further evidence that the rapid 
fraction of diffusion is directly related to 
surface area. 

Attention is drawn to two physical fac- 
tors other than intracellular-extracellular 
tissue compartmentation that may be of 
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Fig. 1. Semilogarithmic plot of concentra- 
tion of radiosodium remaining in pieces of 
hamster brain after various times of dif- 
fusion. Medium, 50-percent sucrose in 
water; average weight of pieces, 230 mg. 
Each point is the average of 10 to 15 ex- 
perimental determinations. 
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Table 1. Effect of surface-to-volume ratio 
on rapid phase of sodium diffusion in 
hamster brain. 


Approximate 
surface-to- Rapid 
volume ratio sodium Ratio 
(mm*/mm‘*) (%) 
0.97 8 0.121 
1.04 10 0.104 
1.83 16 0.114 


greater importance in determining the 
double exponential form of these diffu- 
sion curves. First, as mentioned pre- 
viously, the general physical laws of dif- 
fusion out of solid particles give curves 
similar to those in Fig. 1. Second, micro- 
scopically demonstrable shredding and 
fracturing of the surface of the tissue in- 
cident to excision and handling probably 
increase the effective diffusion area and 
therefore cause an initially accelerated 
rate. This suggestion. receives additional 
support from the observation of macro- 
scopic changes in color and fragility of 
the superficial fraction of a millimeter of 
tissue. By either mechanism, the slope of 
the later, slower part of the curve de- 
pends upon the rate of diffusion through 
tissue in the depths of the block. These 
considerations will be examined in de- 
tail in a later publication. 

Birt GarouTTe 

Rosert B. Arrp 
Departments of Neurology and Anatomy, 
University of California School of 
Medicine, San Francisco 
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Reference Samples of 
Isotopic Abundance 


At the request of the U.S. Geological 
Survey, the National Bureau of Stand- 
ards has undertaken a program for the 
preparation and distribution of reference 
samples of isotopic abundance in forms 


suitable for mass spectrometric analysis. 
The National Bureau of Standards will 
serve as a clearinghouse for data on the 
isotopic abundance ratios as measured by 
cooperating laboratories and will distrib- 
ute the accumulated data with each sam- 
ple requested. 

Laboratories throughout the world are 
engaged in mass spectrometer research 
on variations in natural isotopic abun- 
dance using a variety of techniques. Dif- 
ferent laboratories are equipped to 
measure mass spectra of gases, of com- 
pounds evaporated from a furnace, and 
of ions emitted by a hot filament. Differ- 
ent compounds of the element are re- 
quired for these different techniques. 
Table 1 lists reference samples that are 
now available for distribution or will soon 
be available. The gaseous samples are 


Table 1. Reference samples of isotopic 
abundance. 


Element Compound Source 


H H.O Steam condensate 
from Potomac 
River Water 
H: From H.O 
D D.O Commercial 
- 99.8 atom 
percent D 
From D.O 
He Atmosphere 
(commercial ) 
Ne Atmosphere 
(commercial ) 
A Atmosphere 
(commercial ) 
Kr Atmosphere 
(commercial ) 
Xe Atmosphere 
(commercial ) 
Li Spodumene King’s Mountain, 
N.C. 
LisCO; Commercial 
K K.CO, Commercial 
Rb Rb,CO; Commercial 
Sr SrCO; Commercial 
Meg Mg(OH). Commercial 
cl NaCl Marine (com- 
mercial ) 
Br NaBr Marine (com- 
mercial ) 
Mineral Wharton County, 
Tex. 
SO.* Mineral and air 
O O.* Air 
N N.* From air 
Pb Galena Ivigtut, Green- 
land 
PbI. From galena 
Pb(CH;).* From galena 
Ag AgNO; Commercial 
Cd Cdl, Commercial 
Het Element’ .. National Physical 
Laboratory 
B BF; Commercial 
Si SiF, Commercial 
Ca,C,O Limestone  Solenhofen, 
Bavaria 


* Will be available in the near future. 
+A small sample that was carefully measured by 
several mass spectrometer laboratories. 
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equivalent to about 3 ml at 1 atm sealed 
in break-seal containers. Solid samples 
are about 0.1 g sealed in vacuum in 
Pyrex tubes. Liquids are in break-seal 
tubes. 

There is an immediate need to accu- 
mulate data on these samples, and labo- 
ratories wishing to receive samples and 
measure them should write to the address 
given here. These laboratories will be 
kept informed concerning data obtained 
by others. 

The program, which was initiated with 
the support of the U.S. Atomic Energy 
Commission, will continue with prepa- 
ration of other compounds useful as 
reference samples and with research on 
compounds best adapted to isotope abun- 
dance measurements. 

Frep L. MoHLer 
Mass Spectrometry Section, National 
Bureau of Standards, Washington, D.C. 
24 June 1955 


Deuteron Bombardment of 
Oriented Tobacco Mosaic 
Virus Preparations 


Ionizing radiation has been used to 


. Study virus size and structure by a series 


of workers (/). The basis of the method 
of study is the use of energetic local.ion- 
izations, distributed in a physically known 
way, to interfere with virus properties. 
The method is inferential and relies heav- 
ily on the belief that a sensitive region 
exists and that the volume, area, and 
thickness of the region can be found by 
using different kinds of irradiation. This 
sensitive region is then tentatively iden- 
tified with some property of the virus. 
In the case of tobacco mosaic virus, 
when the property studied is that of abil- 
ity to form local lesions on Nicotiana 
glutinosa, the results of radiation studies 
using deuterons of varying speeds, alpha 
particles, and fast electrons indicate that 
the seisitive volume is long and thin, of 
length 3000 A and diameter 100 A (2). 
This region can be identified with a more 
sensitive region inside the virus particle 
proper, but of the entire length of the 


particle. 


cross Section x 10" 


4 
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Fig. 1. Plot of the effective sensitive area 
S against the sine of the angle of exposure 
of dry tobacco mosaic virus preparations 
to deuterons. Inset a, rods pointed toward 
the deuteron beam; inset b, rods oriented 
across the beam. 


Since it is possible to obtain oriented 
preparations of tobacco mosaic virus by 
drying concentrated preparations and 
gently rocking them back and forth while 
they are drying, it should be possible to 
check whether the sensitive region as ob- 
served in ionization studies also shows 
the effect of orientation. If it does not, 
then any agreement between radiation 
observations and the actual virus particle 
is the result of some combination of nu- 
merical description with questionable sig- 
nificance; and if it does, it constitutes a 
valuable confirmation of the validity of 
the radiation method as a means of study- 
ing the size and shape of biological units. 

A series of dry tobacco mosaic virus 
preparations, oriented while drying and 
checked for orientation by observation of 
birefringence with polaroids, were bom- 
barded by deuterons of 4-Mev energy 
(3). The preparations were held at 
angles of 90°, 30°, 15° and 7.5° to the 
direction of the beam in such a way 
that the rods were pointed at the deu- 
terons, as shown in Fig. 1, inset a. A simi- 
lar set of preparations served as controls, 
and the ratio of the amount of activity 
of each preparation to that of the con- 
trols was estimated by counting local 
lesions by standard techniques. The ac- 
tivity ratio n/n, obeys the relationship 


In n/no=—-SD 


in which D is the number of deuterons 
per square centimeter incident on the 


preparation, and S is the effective sensi- 
tive area. It was found that S varied with 
the angle of exposure. In Fig. 1 the value 
of S is plotted against the sine of the 
angle. It can be seen that a roughly linear 
relationship holds, so that 


S= (1.2 + 2.0 sin 6) x 10™ cm* 


This relationship agrees with the idea 
of a long and thin sensitive region, which 
has a maximum cross section when it is 
lying across the beam direction and a 
minimum cross section when the deuter- 
ons are passing along the long axis. 

In order to determine that the ob- 
served effect was not caused by beam in- 
homogeneity, series of preparations ori- 
ented across the beam, as shown in Fig. 
1, inset b, were bombarded at different 
angles. Here the only effect is to rotate 
the virus about its long axis without 
changing its orientation. No effect was 
observed: a constant value equal to the 
maximum cross section was found. This, 
incidentally, shows that no great asym- 
metry of sensitive material inside the 
virus can exist. 

The afore-mentioned _ relationship 
should not be used literally in attempting 
to determine the size and shape of the 
sensitive volume of tobacco mosaic virus 
because it ignores the special properties 
of ionizing radiation. Thus a densely ion- 
izing particle that misses an end-on virus 
particle may still produce spurs long 
enough to cause inactivation from a fair 
distance. The data are not in disagree- 
ment with a sensitive region of length 
equal to that of the virus particle, 3000 A, 
and of diameter 100 A. The latter value 
is less than the accepted width of 160 A. 

Ernest PoLiarp 

G. F. Wurrmore 
Biophysics Department, Yale University, 
New Haven, Connecticut 
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Science seems to me to teach in the highest and strongest manner the great truth which 
is embodied in the Christian conception of entire surrender to the will of God. Sit down 
before fact as a little child, be prepared to give up every pre-conceived notion, follow 
humbly wherever and to whatsoever abysses Nature leads, or you shall learn nothing. I 


do this —Hvux ey. 
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have only begun to learn content and peace of mind since I have resolved, at all risks, to 
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Book Reviews 


Advances in Protein Chemistry. vol. LX. 
M. L. Anson, Kenneth Bailey, and 
John T. Edsall, Eds. Academic Press, 
New York, 1954, viii+ 542 pp. Tilus. 
$10.50. 


The current volume of Advances in 
Protein Chemistry contains eight reviews 
that are a substantial addition to the ex- 
cellent account of the proteins that this 
series has presented. The first two chap- 
ters are concerned with physiological 
aspects of proteins and amino acids. In 
these H. V. R. Arnstein discusses the 
metabolic relationships of glycine, and 
Chapman and Synge review the protein 
metabolism of ruminants. The following 
six chapters either consider the properties 
of proteins that can be related to their 
structure or deal with the chemistry of 
substances derived from proteins. They 
are thus more in keeping with what I 
expect from the Advances than the first 
two chapters are. 

A diverse literature on the chemical 
and biological methods of resolving race- 
mic amino acids has been usefully sum- 
marized by J. Greenstein. The survey of 
naturally occurring trypsin inhibitors by 
Laskowski and Laskowski brings out the 
dissimilarities in the nature of the pro- 
tein substances responsible for this activ- 
ity. In reviewing the keratins, Ward and 
Lundgren have considered the formation 
and morphological arrangement of kera- 
tinaceous structures as well as the chemi- 
cal and physical properties of these pro- 
teins, The molecular structure of simple 
substances with peptide bonds and other 
similarities to proteins is discussed by 
Mizushima, 

A comprehensive account of protein- 
protein interactions is presented by David 
Waugh. The discussion covers a survey of 
the forces responsible for molecular sta- 
bility and interaction, the development 
of a model of the native protein, a sum- 
mary of 15 specific cases of interaction 
and denaturation, and a discussion that 
relates some of the general aspects of 
these cases to the model. The chief fea- 
ture of Waugh’s model is a modern ver- 
sion of the nonpolar core or “internal 
volume” of the protein molecule. This 
assumption is interpreted in some detail 
in terms of the a-helix. The model is 
useful as an attempt to relate the a-helix 
to other characteristics of the structure 
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of globular proteins and is helpful as a 
basis for discussing interaction and de- 
naturation. It must be admitted, how- 
ever, that the experimentally observable 
aspects of these phenomena do not pro- 
vide as critical a test as might be wished 
of the details of the proposed model. The 
book is concluded by an excellent sum- 
mary and discussion of the behavior of 
proteins at interfaces by Cheesman and 
Davies. 

Ropert C. WARNER 
Department of Biochemistry, New York 
University, College of Medicine 


Marine Shells of the Western Coast of 
Florida. Louise M. Perry and Jeanne 
S. Schwengel. Paleontological Re- 
search Institution, Ithaca, N.Y., 1955. 
318 pp. Illus. Paper, $6; cloth, $7. 


In 1940 Louise Perry provided the 
first serious attempt to monograph the 
mollusks of a small regional area any- 
where south of New York. Her student, 
Jeanne S. Schwengel, has revised the 
earlier work, added several more species 
to the record and furnished further de- 
tails on early life-histories of many spe- 
cies. There are 174 pages of systematic 
descriptions followed by 55 full-page 
plates. The illustrations are almost all 
from photographs of freshly collected 
material and in every instance indicate 
the natural size of the specimen. It will 
be a useful reference book for those who 
collect shells on Florida’s Gulf Coast, but 
its binding is not likely to last long under 
field conditions. 

Lorus J. and Marcery MILNE 
Department of Zoology, 
University of New Hampshire 


Applied X-rays. George L. Clark. Inter- 
national Series in Pure and Applied 
Physics, McGraw-Hill, New York- 
London, ed. 4, 1955. ix + 843 pp. Illus. 
$12.50. 


Here is a book that will draw criticism 
from some specialists but will, be praised 
by more educators. It covers a very wide 
range of topics, each one of which is so 
highly developed today that not less than 


a dozen experts could cover all with real 
authority. By way of illustration, perhaps 
a fifth of the pages are concerned with 
diffraction studies of polycrystalline ma- 
terials. This phase of applied x-rays alone 
has recently been covered by a volume 
of more than 700 pages, issued by the 
British Institute of Physics, with three 
editors and 29 authors, all British [H. S. 
Peiser, H. P. Rooksby, A. J. C. Wilson, 
Eds., X-ray Diffraction by Polycrystal- 
line Materials, Institute of Physics, Lon- 
don, 1955]. It can justifiably be said of 
the latter very useful book that not more 
than half of the chapters were written by 
men with the greatest experience and 
ability in the field concerned, because 
not all of these reside in Great Britain; 
and this fact is apparent to specialists. 
What, then, can be expected of a volume 
of roughly equivalent length, written by 
a single worker but with a scope at least 
5 times as great? 

It is clear, at the outset, that G. L. 
Clark’s work is not intended for special- 
ists or experts. For the latter, the author 
himself recommends “the clinical ap- 
proach,” of which the afore-mentioned 
British work is an example. A senior un- 
dergraduate, or a young graduate stu- 
dent, will find in this latest edition of 
Applied X-rays the same soundly enthu- 
siastic incitement to interest in the mani- 
fold applications of x-rays in science and 
industry that characterized the earlier 
editions of the work. Clark is a pioneer 
enthusiast. I recall my own reading, as 
an undergraduate in 1931, of the first edi- 
tion, published in 1927. I record with 
deep gratitude the fact that it was largely 
as a consequence of my reading of the 
1932 edition, along with Meyer and 
Mark’s 1930 volume on the structures of 
high polymers [K. H. Meyer and H. 
Mark, Der Aufbau der hochpolymeren 
organischen Naturstoffe, Akad. Verlag., 
Leipzig, 1930], that I decided to develop 
a deeper understanding of x-rays as a 
tool for the study of the atomic struc- 
tures of materials. I gathered more than 
mere enthusiasm from Clark’s writings; 
I learned a very great deal about what 
x-rays could reveal concerning the struc- 
ture of matter and something of the prob- 
lems that still awaited solution. 

Here, in the fourth edition, is an in- 
the-main up-to-date comprehensive in- 
troduction to the present state of x-ray 
applications. Every chapter is a useful 
starting point for a student or other non- 
specialist. The bibliographies in and at 
the end of each chapter cover the fun- 
damentals and much of the special litera- 
ture in the special fields concerned. 

This is perhaps the last time that an 
author can attempt to include so much 
of the details of applied x-rays in a single 
volume. Information and experience are 
accumulating too fast. One is appalled 
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to consider what the subject must include 
in another decade; and how will our stu- 
dents’ students cope with the material 
available a generation from now? 

Surely the most difficult feeling one 
should try to instill in a graduate student 
is a grasp of where the general develop- 
ment of a field stands, and where he 
might start his own research. Clark has 
accomplished what few of us would have 
either the courage or the ability to begin: 
a broad and yet a detailed summary of 
the uses of x-rays. His knowledge, enthu- 
siasm, and care will be of great value to 
our students. Some chapters, such as the 
one on the chemical effects of x-rays, 
summarize information not as yet col- 
lected elsewhere and so will be useful to 
a larger group of readers. 

The volume has the usual excellent 
format of the International Series. 

Ray Pepinsky 

Pennsylvania State University 


Vorlesungen iiber Differential- und In- 
tegralrechnung. Alexander Ostrowski. 
vol. 1 (1945) Funktionen einer Vari- 
ablen, xii+373 pp., F. 36.40. vol. 2 
(1951) Differentialrechnung auf dem 
Gebiete mehrerer Variablen, 484 pp., 
F. 69.70. vol. 3 (1954) Integralrech- 
nung auf dem Gebiete mehrerer Vari- 
ablen, 475 pp., F. 78. Birkhauser, Basel. 


This full-scale treatise on the calculus 
represents an extended form of lectures 
given by Ostrowski during the past 20 
years in Basel. The scope is so large that 
it covers a good part of the material 
studied in American colleges in all 4 
years. 

The first volume presents the key no- 
tions of differential and integral calculus 
of functions of one variable. The empha- 
sis is on gaining an intuitive feeling, and, 
although rigor is stressed, the proofs of 
many fundamental theorems are post- 
poned to the later volumes. 

The second volume is devoted to the 
differential calculus of functions of sev- 
eral variables. This is prefaced by a thor- 
ough discussion of point sets, with proofs 
of such theorems as that of Heine and 
Borel. Extensive applications of the cal- 
culus to differential geametry are given 
in concluding chapters. 

The third volume goes quite deeply 
into the theory of integration. In particu- 
lar, double integrals are defined for 
bounded regions G having a null set as 
boundary and for functions bounded in 
G and continuous except for a null set; 
null sets are understood in the sense of 
Jordan (based on finite coverings) and 
the integral is obtained’ as a limit of 
Riemann sums. Further topics studied 
are line and surface integrals, substitu- 
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tion in multiple integrals, improper mul- 
tiple integrals, special functions defined 
by integrals, and Fourier series and inte- 
grals. 

The most striking feature of this work 
is its extreme thoroughness. For each 
topic a very careful foundation is laid, 
the standard theorems are established, 
and then a study is made of many re- 
finements of the theory; for example, the 
section on integration by partial fractions 
leads up to the theorem of Ostogradski 
that the rational terms of the integral 
are obtainable by rational operations on 
the coefficients. The refinements are 
further pursued in the exercises that oc- 
cupy almost one-fourth of the work. The 
great value of these would be much en- 
hanced by appendage of “solutions”; the 
author states his intention of providing 
them in a separate publication. 

The three-volume work stands as a 
major contribution to the textbook lit- 
erature, and it will also be of much value 
as a reference work for those interested 
in classical analysis. 

Witrrep KapLan 
Department of Mathematics, 
University of Michigan 


Acetylenic Compounds in Organic Syn- 
thesis. R. A. Raphael. Academic Press, 
New York; Butterworths, London, 
1954. xii+ 219 pp. $6.20. 


The chemistry of acetylenic com- 
pounds has developed rapidly in recent 
years. A feature of this expansion has 
been the wide application of these com- 
pounds in the synthesis of many more 
complicated unsaturated compounds and 
especially of naturally occurring sub- 
stances. R. A. Raphael is particularly 
well suited for the task of summarizing 
these recent advances critically and from 
a practical viewpoint, because he has 
been closely associated with the main 
currents of research in acetylene chem- 
istry for the past 10 years, has had wide 
experience with these compounds, and 
has contributed a number of notable syn- 
theses that make use of acetylenic com- 
pounds; methods for carbohydrates, 
polyhydric alcohols, unsaturated fatty 
acids, and penicillic acid may be men- 
tioned. 

This volume is divided conveniently 
into a general section on the preparation 
arid properties of acetylenes, a series of 
chapters on the synthesis of aliphatic 
compounds, conjugated systems including 
allenes, carbocyclic compounds and 
heterocyclic derivatives, and a final sec- 
tion on practical techniques. There are 
frequent references to unpublished mate- 
rial. Critical descriptions of the best pro- 
cedures are given, and the book will be 


invaluable to the synthetic organic chem- 
ist who has only a general familiarity 
with acetylene chemistry and wants to 
choose the most convenient method for a 
synthesis involving an acetylene. Many 
unusual reactions offering wide possibili- 
ties for development are mentioned, and 
the volume will be interesting reading 
for all organic chemists, including the 
rising generation of mechanism-minded 
individuals who will encounter many un- 
explained transformations. 

Tuomas L. Jacoss 
Department of Chemistry, 
University of California, Los Angeles 


Lectures on Partial Differential Equa- 
tions. I. G. Petrovsky. Trans. by A 
Shenitzer, Interscience, New York-— 
London, Ist English ed., 1954. x + 245 
pp. Illus. $5.75. 


The theory of partial differential 
equations is almost as old as the calculus 
itself but is still in the process of rapid 
development. The interest in this theory 
is twofold: it is an important part of 
mathematical analysis and is also a basic 
tool in the rational description of natural 
processes. The literature of the subject 
is extremely voluminous, but there was 
a definite need for a short introductory 
textbook. The present book fills this 
need admirably. 

I. G. Petrovsky is one of the most 
eminent representatives of the brilliant 
mathematical tradition of Russia and has 
contributed significantly to the theory of 
partial differential equations. This book 
is based on lectures given at the Moscow 
State University. It is remarkable that 
the author succeeded in conveying to the 
reader some of the basic ideas of a far- 
flung mathematical discipline in only 
245 pages. The book is written with a 
high standard of rigor; at the same time 
the connection with physics, which pro- 
vides the motivation for much of the 
theory, is emphasized throughout. 

The first chapter contains examples of 
partial differential equations arising in 
physics, the fundamental Cauchy-Ko- 
walewski theorem, and the classification 
of linear equations of second order. The 
second chapter, the largest and most 
original in the book, deals with hyper- 
bolic equations. The Cauchy problem in 
the domain of nonanalytic functions and 
the theory of vibrations of bounded bod- 
ies are discussed. The chapter on ellip- 
tic equations (Chap. 3) contains a thor- 
ough description of various methods for 
solving the first and second boundary 
value problems. The final chapter on 
parabolic equations is much shorter but 
provides an adequate introduction, 

In the body of the text the author dis- 
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cusses primarily the classical equations 
of mathematical physics. But he stresses 
the methods that are applicable to more 
general cases and concludes each chap- 
ter with a brief summary of recent work. 
It should be mentioned that these sum- 
maries reflect almost exclusively the im- 
portant work done in Russia. 

The book can be highly recommended 
as a textbook for first-year graduate 
courses and for self-study. A reader who 
has worked his way through this book 
will be prepared to read more volumin- 
ous monographs, such as the classical 
Courant-Hilbert, and current literature. 

LipMAN Bers 
Institute of Mathematical Sciences, 
New York University 


A Symposium on Amino Acid Metabo- 
lism. Sponsored by McCollum-Pratt 
Inst. of Johns Hopkins Univ. William 
D. McElroy and H. Bentley Glass, Eds. 
Johns Hopkins Press, Baltimore, 1955. 
xvi + 1048 pp. Illus. $12.50. 


The nature of this book is well epitom- 
ized in the first paragraph, page 950, of a 
summary chapter by Bentley Glass: “It 
must be admitted that the treatment of 
amino acids in many extensively used 
textbooks of biochemistry is woefully in- 
adequate and misleading. There are gen- 
erally said to be 19 (or 21), or maybe 
about 25, naturally occurring amino 
acids, although the number now known 
actually exceeds twice that many. Very 
little is said about the synthesis of amino 
acids, only generalities are stated in re- 
gard to protein synthesis, and no over-all 
view of the reactions of amino acids lead- 
ing to the production of other amino 
acids, of peptides, of excretory products, 
or of other compounds is supplied, Of 
the ‘general reactions’ of amino acids, 
deamination receives the fullest recogni- 
tion, probably because of its importance 
in the formation of ammonia and the ulti- 
mate production of urea. Decarboxyla- 
tion is scarcely mentioned; transamina- 
tion and transmethylation are beginning 
to be regarded as possibly of some future 
importance; while peptide and protein 
syntheses are customarily honored with 
a few generalities. A few works have be- 
gun to portray the field more adequately 
and to orient students in this obviously 
key area. Yet the time is surely ripe for 
a major revision and reorganization of 
our thinking about amino acid metabo- 
lism, Th current McCollum-Pratt Sym- 
posium has undertaken to lay the basis 
for that.” 

The book consists of 58 original papers 
with discussion by participants other 
than the authors. The authors are in gen- 
eral the leading exponents of research in 
this field and the book may, on the whole, 
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be accepted as authoritative. The expo- 
sition of the subject is extensive but not 
complete. The general student of bio- 
chemistry will be rewarded if he is pre- 
pared to devote several days to careful 
study of the text. The book’s principal 
use will be as a convenient reference for 
the specialist in amino acid research, a 
purpose that will be greatly aided by its 
excellent author and subject indexes. 

R. R. WituiaMs 
Williams-Waterman Fund 
Research Corporation, New York 


Abstract Bibliography of Cotton Breed- 
ing and Genetics, 1900-1950. R. L. 


Knight. Tech. Communication 17, 
Commonwealth Bureau of Plant 
Breeding and Genetics. Common- 


wealth Agricultural Bureaux, Farnham 
Royal, Bucks, England, 1955. 256 pp. 


This volume, containing the abstracts 
of 1191 articles en cotton breeding and 
genetics, will be extremely useful to work- 
ers in the field. R. L. Knight has done an 
excellent job of abstracting the various 
articles, and he has made an effort to 
include every major scientific paper on 
the subject published between 1900 and 
1950. Our files of United States litera- 
ture in the field of cotton breeding and 
genetics have been checked against 
Knight’s list and the only striking omis- 
sion found was J. O. Ware’s résumé on 
cotton breeding in the U.S. Department 
of Agriculture Yearbook for 1936. It is 
felt that the book would have been im- 
proved if general references and review 
articles had been listed separately from 
original contributions. 

Three useful appendixes are given in 
this book: (i) The genome of Gossypium, 
(ii) a gene list for Gossypium, and (iii) 
gene linkage. Workers in the field will 
be grateful to Knight for bringing up to 
date the gene list for Gossypium, inas- 
much as this has not been done since 
Hutchinson and Silow published a simi- 
lar list in 1939. 

Tuomas Kerr 
Agricultural Research Service, 
U.S. Department of Agriculture 


Quantitative Methods in Histology and 
Microscopic Histochemistry. Olavi 
Eranko. Karger, Basel; Little, Brown, 
Boston, 1955. 160 pp. Illus. F. 19.75. 


The title of this book is perhaps mis- 
leading, because the text is, concerned 
with the mathematical appraisal of vari- 
ation and selection of material to obtain 
statistically valid numerical expressions 
of prevalence of histochemical, tinctorial, 


or strictly morphologic components of tis- 
sues rather than with methods of quanti- 
tative microchemical analysis. 

The book covers well, in lucid lan- 
guage, an area in histochemical investi- 
gation that has provoked much discussion 
in past meetings but has hitherto evoked 
no comprehensive treatment. 

The table of contents is comprehen- 
sive and outlines well the real content of 
the book. The relationship of mathemati- 
cal quantitation to selection of material, 
to ultracentrifugation, physical observa- 
tion methods, staining and histochemical 
reactions, relative volume area and num- 
ber estimation, absorption photometry, 
and statistical analysis of results is dis- 
cussed. 

The book should serve to introduce 
students and investigators to the applica- 
tion of numerical evaluation to histo- 
chemical investigation. 

R. D. 
Laboratory of Pathology and 
Histochemistry, National Institutes of 


Health 


Variable Stars and Galactic Structure. 
Cecelia Payne-Gaposchkin. Athlone 
Press, Univ. of London, 1954. xii + 116 
pp. $3.50 (U.S. Distrib.: de Graff, 
New York 10). 


During the past 30 years Cecilia Payne- 
Gaposchkin has written three major 
monographs, in addition to several 
smaller books and a large number of re- 
search articles. Her doctor’s thesis, Stel- 
lar Atmospheres (1925), marked an 
epoch in astrophysics and interpreted the 
observational results of stellar spectro- 
scopy in terms of E. A. Milne’s theory of 
stellar atmospheres. In 1930 she pub- 
lished The Stars of High Luminosity, 
which was an extension of her earlier 
work that profoundly influenced the 
work of all contemporary astrophysicists. 
The Variable Stars (1938) written in 
collaboration with her husband, S. 
Gaposchkin, discussed the physical prop- 
erties of all groups of variable stars, in- 
cluding those of the eclipsing and nebu- 
lar types. 

The present book is concerned with 
the intrinsic variables as tools in the 
study of the structure of our galaxy—the 
Milky Way. It is the best of her books, 
and it crams into the space of 116 pages 
an enormous amount of new research. 
Mrs. Gaposchkin remarks in the preface: 
“As a book of this kind is printed, the 
work that will make it obsolete is being 
done. Such is the price that must be paid 
for writing on a subject that is actively 
advancing, and it calls for no apology.” 
There is no doubt that the appearance of 
this book will itself stimulate new re- 
search and thus accelerate its process of 
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aging. In some respects, it has even now 
been superseded by new results. Never- 
theless, its main conclusions will stand 
the test of future research. 

Why are the variable stars important 
in galactic research? The answer to this 
question is given only by implication in 
this volume. It has, however, been stated 
lucidly by B. V. Kukarkin in a Russian 
book under the title The Study of the 
Structure and Evolution of Stellar Sys- 
tems upon the Basis of our Knowledge 
of Variable Stars (Moscow-Leningrad, 
1949; this book is now available in a Ger- 
man translation. It is strange that Mrs. 
Gaposchkin gives no reference to this 
monograph, which treats the problems 
of variable stars in much the same man- 
ner—except, of course, for some Com- 
munist-inspired ideological nonsense that 
abounds in the introductory and closing 
pages of the Russian book): (i) The 
variable stars identify themselves by their 
light-curves as objects of comparable 
physical properties. (ii) They can be dis- 
covered and investigated with relatively 
modest instruments; since some groups 
of variable stars are exceedingly lumi- 
nous, they can be isolated at great dis- 
tances from the sun in the Milky Way 
and in other galaxies. (iii) Their varia- 
_tions—due to pulsations and to explosive 
processes—provide information regard- 
ing the evolutionary processes in all stars. 
These processes are intimately related to 
the structure and evolution of galaxies. 

A single example (not given in these 
two books) may suffice to illustrate the 
third point. Consider the mean density 
of a star and its evolutionary change. 
If the evolution proceeds with only a 
negligible change in mass, as in the 
case of thermonuclear energy-generation, 
— constant 


=—Rin But the radius is very poorly 


determined from direct observations, and 
its change with time ¢ cannot be found. 
But most variable stars obey the univer- 
sal law of vibrating sysems, P\/p = con- 
stant. For many variables the period P 
is known to a small fraction of 1 sec, and 
in a few, changes of P amounting to 1 
sec/century (when P ~ 4 hr) have been 
definitely established. If these changes in 
period are systematic in character, they 
imply a corresponding change in p—with 
a fantastic degree of precision! 

The first chapter, “The galaxy,” will 
be of special interest to nonastronomical 
readers. It lists all the major “races” of 
stars, not just those that are characterized 
by changes of brightness, and it contains 
estimates of their frequencies relative to 
the entire disk and halo populations. The 
second chapter on “The pulsating vari- 
able stars” is a summary of our knowl- 
edge of the light-curves, radial velocities, 
and spectral characteristics of the princi- 
pal groups of intrinsic variables. Mrs. 
Gaposchkin has omitted the T Tauri 
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stars because “our knowledge of these 
groups of stars is very fragmentary and 
permits us to investigate them only in 
our immediate neighborhood.” She does 
not mention the stars of the 6B Canis 
Majoris type. They may turn out to be a 
particularly valuable tool in the future 
study of associations of very young stars 
in the Milky Way and in other galaxies. 

The third chapter, “The explosive 
variables,” deals with novae and nova- 
like stars. The fourth, on “The magni- 
tude scale for variable stars” fixes the 
scales of intrinsic luminosities for the 
various sequences of variable stars. It 
recognizes the change in the distance 
scale of the galaxies first established by 
W. Baade in 1952. The fifth chapter, 
“Distribution of variable stars” contains 
a cautious discussion of the difficult prob- 
lem of interstellar absorption. 

The sixth chapter is a rather abbrevi- 
ated treatment of the “Motions of vari- 
able stars,” and the concluding chapter 
entitled “Variable stars, galactic struc- 
ture and evolutionary problems” sum- 
marizes the results. It “is an expression 
of opinion [of the author] and touches 
upon the important problem of the effec- 
tive planning of research.” : 

Not all of these chapters will make 
easy reading for a nonastronomical 
reader. The text is so concise that many 
terms that are familiar to every astrono- 
mer have not been explained. A physicist 
may not know what a “Bottlinger dia- 
gram” is, and a geologist or chemist may 
wonder what the 21-cm line of hydrogen 
is supposed to do for astronomy. 

Orto Srruve 
Berkeley Astronomical Department, 
University of California 


Modern Gas Analysis. Paul W. Mullen. 
Interscience, New York—Lendon, 1955. 
ix + 354 pp. Illus. $5.50. 


This book on gas analysis is divided 
into two parts. Part I on “Absorptiomet- 
ric gas analysis” makes up about 60 per- 
cent of the text. Part II on “Instrumental 
gas analysis” takes the remaining 40 
percent. 

The book is quite complete; practically 
all known methods of gas analysis are 
discussed. It is profusely illustrated, as 
is shown by the fact that illustrations 
take up space equivalent to about 15 
percent of the total. It is a pocket-size 
book. These facts indicate that the treat- 
ment of topics is necessarily condensed. 
For example, mass spectrometry is de- 
scribed in some 12 pages of text. In such 
a condensation, when the field to be 
covered is very broad, it might have been 
better to have limited the number of 
topics rather than to strive for historical 
and subject completeness, 


As a survey of an important field, this 
work will be useful, but for specific ap- 
plications the information given in it 
must be supplemented by other sources. 

Fuecassi 
Department of Chemistry, 
Carnegie Institute of Technology 


An Introduction to the Study of Insects. 
Donald J. Borrer and Dwight M. 
DeLong. Rinehart, New York, 1954. 
ix + 1030 pp. Illus. $9. 


This volume received one of the most 
extensive reviews to which a science text- 
book can be subjected. A panel of ento- 
mology professors exhaustively and com- 
paratively discussed it at the December 
1954 meetings of the Entomological So- 
ciety of America’s Section A. The au- 
thors were present to explain some de- 
tails of contents and arrangements that 
were mildly criticized. 

The concensus of the panel was that 
the authors had made a major contribu- 
tion to entomological education, with a 
textbook that has a somewhat different 
approach and is of considerably wider 
taxonomic coverage than most standard 
introductory textbooks. The panel’s prin- 
cipal criticism related to the type of 
treatment rather than the quality of the 
material, Those who contend that ecol- 
ogy, morphology, physiology, and other 
facets of zoology should be segregated 
and highlighted, will find this textbook 
deficient in that respect. What the au- 
thors have accomplished so well is to 
weave information concerning environ- 
mental relationships, form, structure, and 
function of insects in the explanatory 
matter throughout the chapters related to 
the individual orders. 

The typography is excellent. Its 10- 
point modern type makes it unusually 
legible. Illustrations are sharp and clear. 
Authors of species names are written in 
full, except the customary abbreviation 
of Linnaeus. An extensive glossary and 
an adequate index complete the volume. 

Professors of beginners’ courses who 
choose to emphasize the taxonomic end 
of entomology will find this book ideally 
suited to their use. It also fits especially 
well in an undergraduate course in insect 
taxonomy that emphasizes field collec- 
tion, identification, and preservation of 
insects. Professors already using it have 
reported that the keys are excellent, key 
characters very well illustrated, and stu- 
dents have little difficulty in determining 
what is meant by a given character. Stu- 
dents can get a close and intimate ac- 
quaintance with each insect family from 
this book. Students have also expressed 
much interest in the section on each in- 
sect order that describes methods of col- 
lecting and preserving insects of that 
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order. A separate chapter on “Insect 
study activities and projects” describes 
many basic techniques of insect rearing 
and study that could be quite valuable in 
arousing an interest in insect research. 
W. SHERMAN 
Agricultural Research Service, USDA 


An Annotated Bibliography of Subma- 
rine Technical Literature: 1557 to 
1953. Committee on Undersea War- 
fare. National Research Council, 
Washington, D.C., 1954. xiii + 261 pp. 
Paper, $1.50. 


Divided into eight sections, this bibli- 
ography of unclassified material concern- 
ing submarine development is the first 
compilation of such data since World 
War I. The first section, which embodies 
material related to nontechnical and his- 
torical data, is followed by sections that 
are technical and specific. The classifica- 
tions within the sections are further 
divided by subheadings. For example, 
section 6, “The submarine in war,” has 
two subheadings: “Submarine warfare 
operations” and “Effectiveness and po- 
tentialities.” The first of these has four 
subheadings that give the data in the 
time sequence of: prior to 1914; 1914— 
18, 1919-38; and 1939-52. Under the 
subheading “1914-1918 inclusive,” there 
are three divisions that group the mate- 
rial according to “General,” “Germany,” 
and “Other countries.” Titles of foreign 
documents have been translated as an 
aid to clarifying the content thereof. 
There is a table of contents, a list of 
sources searched, and an author index. 


New Books 


Industrial and Manufacturing Chemis- 
try. pt. I, Organic; ed. 7; 752 pp. pt. II 
(in 2 vols.), Inorganic; ed. 6: 1091 pp. 
Geoffrey Martin. Philosophical Library, 
New York, 1955. $50 per set. 

Elements of Zoology. Publ. in the Zoo- 
logical Sciences. Tracy I. Storer and Rob- 
ert L. Usinger. McGraw-Hill, New York— 
London, 1955. 552 pp. $5.50. 

The Story of Man and the Stars. Patrick 
Moore. Norton, New York, 1955. 246 pp. 
$3.95. 

Einfiihrung in die Medizinische Psy- 
chologie. Fiir Mediziner und Psychologen. 
Georg Destunis. De Gruyter, Berlin, 1955. 
218 pp. DM. 22. 

Microwave Spectroscopy. International 
Ser. in Pure and Applied Physics. C. H. 
Townes and A. L. Schawlow. McGraw- 
Hill, New York—London, 1955. 698 pp. 
$12.50. 

Causalités et accidents de la découverte 
scientifique. Illustration de quelques 
étapes caractéristiques de l’évolution des 
sciences. R. Taton. Masson, Paris, 1955. 
168 pp. F. 980. 
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Electro-Technology. Basic theory and 
circuit calculations for electrical engineers. 
M. G. Say. Philosophical Library, New 
York, 1955. 167 pp. $6. 

Industry and Tropical Health: II. Pro- 
ceedings of the second conference of the 
Industrial Council for Tropical Health. 
Harvard School of Public Health, Boston, 
1955. 266 pp. $10. 

Practicas de Fisiologia. Eduardo Briese. 
Instituto de Fisiologia, Universidad de los 
Andes, Merida, Venezuela, 1955. 232 pp. 

Crust of the Earth. A symposium. Arie 
Poldervaart, Ed. Geological Soc. of 
America, New York, 1955. 762 pp. $6.50. 

Problémes de structures, d’ultrastruc- 
tures et de fonctions cellulaires. J. André 
Thomas. Masson, Paris, 1955. 358 pp. 
Paper, F. 3000. 

The Decline of Wisdom. Gabriel Mar- 
cel. Philosophical Library, New York, 
1955. 56 pp. $2.50. 

Pilot Plant Techniques of Submerged 
Fermentation. Special English edition of 
Rendiconti Instituto Superiore di Sanita, 
vol. 17. Fondazione Emanuele Paterno, 
Rome, 1954 (Distrib. by Interscience, New 
York). 243 pp. Paper, $8.10. 


Miscellaneous Publications 


(Inquiries concerning these publications should 
be addressed, not to Science, but to the publisher 
or agency sponsoring the publication.) 


Observations de la radiation solaire 
durant l’éclipse de soleil du 30 juin 1954. 
Publ. Ser. B, No. 13. R. Dogniaux. 1954. 
11 pp. Les périodes de grands froids en 
Belgique (1901-1954). No. 14. A. Van- 
denplas. 1954. 29 pp. Sur les transforma- 
tions adiabatiques et isobariques dans 
Vatmosphére. No. 15. L. Dufour. 1954. 10 
pp. Les aspects météorologique et clima- 
tologique des pollutions atmosphériques. 
Contrib. No. 16. L. Poncelet. 1954. 15 pp. 
L’aéronomie et sa nomenclature. No. 17. 
M. Nicolet. 1954. 6 pp. Etude du climat de 
la radiation en Belgique. No. 18. R. Dog- 
niaux. 1954. 54 pp. Sur organisation de 
la météorologique agricole en Belgique. 
No. 19. A. Vandenplas. 1955. 13 pp. In- 
stitut Royal Météorologique de Belgique, 
Brussels. 

Current Research in Human Fertility. 
Papers presented at the 1954 annual con- 
ference of the Milbank Memorial Fund. 
The Fund, New York, 1955. 162 pp. $1. 

Scientific Research Activities of Mellon 
Institute, 1954-1955. Annual Rpt. Ser. 
No. 42. The Institute, Pittsburgh, Pa., 
1955. 53 pp. 

Soviet Bloc Economic Activities in the 
Free World. Mutual Defense Assistance 
Control Act of 1951. Sixth report to Con- 
gress, second half of 1954 (Order from 
Supt. of Documents, GPO., Washington 
25). 100 pp. $0.35. 

Paleozoic and Mesozoic Rocks of Gros 
Ventre, Teton, Hoback, and Snake River 
Ranges, Wyoming. Geological Soc. of 
America Mem. 63. Harold R. Wanless, 
Ralph L. Belknap, and Helen Foster. The 
Society, New York 27, 1955. 90 pp. 

Humanitas. Revista de la facultad de 
Filosofia y Letras. Universidad Nacional 
de Tucuman, Argentina, 1954. 525 pp. 


Revision of Some Recent Forominiferal 
Genera. Smithsonian Misc. Coll. vol. 128, 
No. 5. Alfred R. Loeblich, Jr., and Helen 
Tappan. The Institution, Washington, 
D.C., 1955. 37 pp. 

Annual Report (1954) of East Malling 
Research Station. Kent Incorporated Soc. 
for Promoting Experiments in Horticul- 
ture, Kent, Eng., 1955. 170 pp. $2. 

Chronic Pancreatitis and Multiple Scle- 
rosis. E. P. Evans. The author, 1088 Pem- 
bina Highway, Fort Garry, Manitoba, 
Canada, 1955. 16 pp. $1. 

Units of Weight and Measure—Defini- 
tions and Tables of Equivalents. Misc. 
Publ. 214. U.S. Dept. of Commerce, Natl. 
Bur. of Standards, 1955 (Order from Supt. 
of Documents, GPO, Washington 25). 64 
pp. $0.40. 

A Radiation Counting System for Re- 
cording Rapidly Varying Count Rates. 
Bull. No. 59. Frances M. Richardson and 
Harold A. Lamonds. Dept. of Engineering 
Research, North Carolina State College, 
Raleigh, 1955. 13 pp. $0.35. 

Bird Houses, Baths and Feeding Shel- 
ters. How to make and where to place 
them. Edmund J. Sawyer. Cranbrook In- 
stitute of Science, Bloomfield Hills, Mich., 
1955. 36 pp. $0.50. 

Application of Dimensional Analysis 
to the Relationship between Velocity of 
Sound and Physical Properties in Organic 
Liquids. Eng. Expt. Sta. Ser. No. 100, vol. 
XLVIII, No. 8. Dudley Thompson and N. 
N. Bakhshi. Virginia Polytechnic Inst., 
Blacksburg, 1955. 26 pp. 

Studies on the Ecology and Sedimenta- 
tion of Matsukawa—Ura, Soma City, 
Fukushima Prefecture (No. 1). Contrib. 
No. 45 of the Inst. of Geology and Paleon- 
tology. 96 pp. The Science Reports of the 
Tohoku University. Ser. 2 (Geology), vol. 
XXVI. 114 pp. Tohoku Univ., Sendai, 
Japan, 1955. 

Manpower Needs in Highway Engineer- 
ing. Highway Research Bd. Bull. 106. Natl. 
Acad. of Sciences—Natl. Research Council, 
Washington, D.C., 1955. 30 pp. $0.60. 

Anales. vol. III, No. 4. Ministerio de 
Agricultura. Instituto Nacional de Inves- 
tigaciones Agronomicas, Madrid, 1954. 
586 pp. 

Supplement to a Survey Report on Hu- 
man Factors in Undersea Warfare. Panel 
on Psychology and Physiology of Com- 
mittee on Undersea Warfare. Natl. Acad. 
of Sciences—Natl. Research Council, Wash- 
ington, 1949. 541 pp. 

Native Land. National Assoc. of Manu- 
facturers, New York 17, 1955. 46 pp. 
$0.10. 

Notropis Asperifrons, A New Cyprinid 
Fish from the Mobile Bay Drainage of 
Alabama and Georgia, with Studies of 
Related Species. Zoology, vol. 3, No. 1. 
Royal D. Suttkus and Edward C. Raney. 
Tulane Univ., New Orleans, La., 1955. 33 
pp. $0.50. 

Mass Transfer—Transport Properties. 
vol. 151, No. 16. F. J. Van Antwerpen, 
Ed. American Inst. of Chemical Engineers, 
New York 36, 1955. 120 pp. 

Chemical Composition of Parthian 
Coins. Numismatic Notes and Monogr. 
No. 129. Earle R. Caley. American Nu- 
mismatic Soc., New York, 1955. 104 pp. 
$2.50. 
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Scientific Meetings 


Peacetime Use of the Atom 


Future world energy requirements, the 
possibilities of meeting these require- 
ments from presently available sources 
of energy, and the economic costs of 
meeting some of the requirements by 
generating electric power with nuclear 
reactors were some of the topics under 
discussion during the first 3 days of the 
International Conference on the Peaceful 
Uses of Atomic Energy, which convened 
in Geneva, Switzerland, on 8 Aug. under 
the auspices of the United Nations. 

Participants in the session concerned 
with world energy requirements during 
the next 50 years emphasized that they 
were attempting to forecast an order of 
magnitude for future needs. N. B. Guyol 
(U.N.) based his estimates on total use- 

. ful power consumption in 1952 and past 
rates of growth of consumption. Useful 
power consumption in 1952 was equiva- 
lent to 10.2 x 10° megawatt hours (Mw 
hr) of electricity or to the power pro- 
duced from 3x 10° tons of coal. The 
rate of growth of commercial sources of 
energy has been 3.25 percent per year 
since 1860, but Guyol stated that this 
production curve understates the rise in 
requirements, particularly during recent 
years, because the efficiency of fuel utili- 
zation has increased. Guyol concluded 
that future growth of energy require- 
ments during periods free from war or 
depression will take place at a rate be- 
tween 4 and 6 percent per year. Thus 
the world will require useful power 
equivalent to 27 x 10° Mw hr of elec- 
tricity in 1975 (5.5.x 10% tons of coal) 
and 84x 10® Mw hr in 2000 (15x 10° 
tons of coal). Guyol estimated that, since 
the efficiency of fuel use is likely to in- 
crease, an increase in fuel production of 
3.5 percent per year will be sufficient to 
meet the new energy requirements. 

E. A. G. Robinson and G. H. Daniel 
(United Kingdom), basing their study 
on a smaller estimate of future energy 
needs (equivalent to 7.4 x 10° tons of 
coal in 2000), considered present known 
world reserves of coal, oil, natural gas, 
and hydroelectric capacity. They con- 
cluded that hydroelectric plants could 
supply 0.9 x 10° tons of coal equivalent 
in 2000; that coal, because its production 
rate has been increasing very slowly (0.5 
percent per year) and because of in- 
creased price, could supply only about 
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2 x 10° tons; and that the demand for oil 
and natural gas would therefore be about 
4.5 x 10° tons of coal equivalent—a de- 
mand that would reduce world reserves 
to within 70 years of exhaustion. Robin- 
son and Daniel said that, under these cir- 
cumstances, the incentives to expand coal 
production would be powerful, but that 
the same incentives would serve equally 
to stimulate the development of nuclear 
energy, particularly for generating elec- 
tricity. 

Energy requirements and economic 
growth were discussed by E. S. Mason 
(U.S.), who pointed out that the de- 
mand for electric power is likely to in- 
crease more rapidly than the demand for 
energy as a whole and that nuclear power 
can contribute to electric power re- 
sources provided that adequate capital 
is available. Capital requirements for 
utilization of power, however, are far 
greater than those for power production. 
If full advantage of the potentialities of 
nuclear power is to be taken, the techno- 
logical development necessary to reduce 
the cost of producing power from nuclear 
reactions must be pushed, and means 
must be found to make this power source 
available in underdeveloped areas. 

Part of this session was devoted to the 
energy needs and resources of individual 
countries. Most of the papers demon- 
strated that these countries—Yugoslavia, 
Australia, Belgium, Czechoslovakia, Ja- 
pan, Argentina, and India—would not 
be able to meet their future energy re- 
quirements from presently known con- 
ventional sources. 

Forecasts of the role of nuclear energy 
during the next 50 years in France, Can- 
ada, the United Kingdom, Norway, Ar- 
gentina, and the United States were pre- 
sented in a separate session. Most speak- 
ers felt that reactor-produced electric 
power will seldom be able to compete 
with hydroelectric power when the latter 
is available. J. Davis and W. B. Lewis 
(Canada) suggested that nuclear power 
plants may be furnishing 10 to 15 percent 
of Canada’s electric generating capacity 
by 1980 if the electricity can be produced 
at a cost of 6 to 7 mills/kw hr. K. M. 
Mayer (U.S.) presented a study of the 
economic potential of nuclear energy in 
various regions of the United States. He 
said that the maximum plausible growth 
of a nuclear power industry would per- 
mit riuclear power plants to provide 1.1, 


2.5, 6.0, and 14.8 percent of the total 
power generation by 1975 for produc- 
tion costs of 9, 8, 7, and 6 mills per kilo- 
watt hour, respectively. Mayer stressed 
particularly the factors that must be con- 
sidered and the methods that must be 
employed in making a realistic appraisal 
of the economic potential of reactor- 
produced power. J. Cockcroft (United 
Kingdom) estimated that the installed 
electric power capacity of nuclear plants 
in the United Kingdom will be between 
18 and 25 percent of national capacity 
by 1975. 

In accordance with the desires of 
United Nations officials that considerable 
emphasis should be given to the eco- 
nomic cost of building and operating nu- 
clear power plants, several papers were 
devoted to costs and others mentioned 
them. A paper by J. M. Hill and S. W. 
Joslin (United Kingdom) and one by 
W. K. Davis (U.S.) considered the capi- 
tal investment required for production 
of nuclear energy. Davis said that cost 
estimates for power plants of 100- to 200- 
Mw capacity in the United States now 
range from $200 to $250 per kilowatt of 
capacity, whereas coal-fired plants now 
cost about $150 per kilowatt of capacity. 

The most complete analysis of the 
cost of an operating reactor was pre- 
sented in a paper prepared by J. R. 
Dietrich et al. (U.S.), who said that 
total cost of operation of a prototype 
boiling water reactor that drives a 3500- 
kw generator was 30 mills/kw hr, of 
which almost half was charged to capital 
investment. J. A. Jukes (United King- 
dom) presented cost estimates for one 
of the nuclear power stations that were 
announced by the British Government 
last February. For a 150-Mw station 
driven by a gas-cooled, graphite-moder- 
ated reactor, capital costs are expected 
to be 0.36 pence/kw hr and annual oper- 
ating costs 0.40 pence/kw hr (total, 9 
mills/kw hr). Jukes noted that a coal- 
fired plant could produce power at 0.60 
pence/kw hi, but that credit for the sale 
of the plutonium produced in the reactor 
will probably bridge the gap. D. I. Blo- 
khintsev and N, A. Nikolayev (U.S.S.R.) 
reported that the cost of 1 kw hr of 
power produced by the 5000-kw station 
now operating in the Soviet Union “ex- 
ceeds considerably the average cost of | 
kw hr in powerful heat power stations 
in the U.S.S.R.” (10 kopecks/kw hr). 
The Soviets estimate that large nuclear 
power plants will be able to produce 
power at rates between 10 and 20 ko- 
pecks /kw hr. (Ten kopecks is about 25 
mills at the official rate of exchange.) 
J. A. Lane (U.S.) reviewed published 
estimates of the capital cost of nuclear- 
electric plants, combined them with pro- 
jected operating costs, and concluded 
that nuclear power costs in the range 
of 4 to 7 mills/kw hr might be realized 
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within 20 years. Lane discussed the costs 
of building and operating each of several 
different types of reactors. 

Other topics discussed in the plenary 
sessions that were held during the first 
few days of the conference were the ad- 
ministrative and legal problems of the 
widespread use of high-level radiation 
sources, including both industrial health 
and safety and radiological health and 
safety codes; possible role of thorium in 
nuclear energy; biological effects of radi- 
ation; reactor safety and the location of 
power reactors; waste disposal in both 
its short-term and long-term aspects; 
isotopes in industry, medicine, biology, 
and agriculture; and experience with 
operation of nuclear power plants. 


Meeting Notes 


®The American Institute of Biological 
Sciences will meet at Michigan State 
University, 5-9 Sept. George W. Beadle, 
Jr., president of the AAAS will be the 
principal speaker at the general session 
on 6 Sept., when he will consider the 
topic “What is a gene?” 

During the convention period, 1154 
research papers will be presented, and 
more than 100 speakers will participate 
in various symposiums. Two special 
meetings have been scheduled: a sym- 
posium on “Cultivated plants of the 
world” is dedicated to Liberty Hyde 
Bailey, and one on “Population genetics” 
is similarly dedicated to Sewall Wright. 
Other symposiums of general interest are 
“Modern approaches to problems of 
differentiations”; “Photorespiration in 
plants”; Biochemical genetics”; “Antibi- 
otics in agriculture”; ‘Microscopical sci- 
ence in aquatic biology”; and “Arctic 
and alpine tundras.” 

Approximately 2700 biologists are ex- 
pected to attend these concurrent meet- 
ings of 24 professional biological and 
agricultural societies. The facilities of 
Michigan State University will be used 
for society meetings as well as for housing 
and feeding delegates and their families. 
The campus will serve as base for a num- 
ber of field trips into central and north- 
ern Michigan. As in the past, the Biologi- 
cal Sciences Exhibit will be an important 
feature, and this year’s exhibit will be 
larger and more diversified than any 
displayed at previous AIBS meetings. 


The Instrument Society of America’s 
10th annual Instrument-Automation 
Conference and Exhibit is to be held at 
the Shrine Exposition Hall and Audi- 
torium in Los Angeles, Calif., 12-16 
Sept. Theme of the show this year will 
be “Instrumentation paces automation.” 

According to A. O. Beckman, general 
chairman, the conference and exhibit is 
expected to be the largest national in- 
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dustry event of its kind ever held in the 
West. More than 500 manufacturers 
from many parts of the world have 
scheduled displays. Industrial leaders 
from Germany, Japan, England, Scandi- 
navia, and South America, as well as 
from all over the United States, are 
planning to attend the meeting. In ad- 
dition to the exhibit, there will be some 
325 technical and clinical sessions. 


®An International Conference on the 
Use of Antibiotics in Agriculture will be 
held 19-21 Oct. in Washington, D.C., 
under the auspices of the National Acad- 
emy of Sciences—National Research 
Council with the cooperation of its Agri- 
cultural Research Institute. The meeting 
will be supported by the American Cyan- 
amid Co., Merck and Co., Charles Pfizer 
and Co., Inc., and E. R. Squibb and 
Sons. 

The role of antibiotics in animal nutri- 
tion and food production will become 
increasingly important as their use is 
spread throughout the world. Antibiotic 
treatment of seeds and crops to control 
certain diseases as well as their use in the 
commercial processing of both meat and 
vegetables are receiving more and more 
attention. These subjects, as well as 
others, will be covered by the conference, 
which will be divided into five sessions 
of 3 hr each dealing with (i) growth re- 
sponse in animals; (ii) special biological 
problems; (iii) mode of action; (iv) 
crop usage and food preservation; and 
(v) public health aspects. 

Sixteen scientists from abroad and 28 
from the United States have been invited 
to participate in the program. At each 
session, two or three critical reviews will 
be presented and discussed by a panel. 
Each panel will consist of a moderator, 
the authors of the reviews, and one or 
two others. The panel discussion will be 
followed by a general discussion; finally, 
the whole session will be summarized by 
a specially designated participant. 

The list of those invited from foreign 
countries includes: H. D. Branion, head, 
department of nutrition, Ontario Agri- 
cultural College, Guelph, Ont., Canada; 
Knut Breirem, Institute of Animal Hus- 
bandry and Animal Breeding, Agricul- 
tural College of Norway, Vollebekk; Jo- 
hannes Bruggemann, Institute of Phys- 
iology and Animal Nutrition, University 
of Munich, Munich, Germany; Hjalmar 
Clausen, National Research Institute for 
Animal Husbandry, Copenhagen, Den- 
mark; Douglas Coles, director of Veteri- 
nary Service, P.O. Onderstepoort, Union 
of South Africa. 

John Duckworth, biochemistry depart- 
ment, Rowett Research Institute, Bucks- 
burn, Aberdeenshire, Scotland; Sven Dy- 
rendahl, Royal Veterinary College, Stock- 
holm, Sweden; Andre C._ Francois, 
Centre National de Récherches Zootech- 


niques, Domaine de Vilvert, Jouy en 
Josas, Seine et Oise, France; E. Freerk- 
sen, Institute for Experimental Biology 
and Medicine, Borstel iiber Bad Oldesloe, 
Germany; W. S. Gordon, Agricultural 
Research Council Field Station, Comp- 
ton, England. 

S. K. Kon, National Institute for Re- 
search in Dairying, Shinfield, England; 
H. R. Marston, division chief, Common- 
wealth Scientific and Industrial Research 
Organization, University of Adelaide, 
Adelaide, South Australia; Francisco 
Ruiz-Sanchez, Instituto de Patologia In- 
fecciosa Experimental, Universidad de 
Guadalajara, Guadalajara, Jalisco, Mex- 
ico; A. D. Sardon, State Animal Health 
Center, Madrid, Spain; R. L. Squibb, 
Servicio Cooperativo Interamericano de 
Agricultura, “La Aurora” Guatemala, 
Departamenta de Zootecnia, Guatemala, 
Central America; H. L. A. Tarr, acting 
director, Pacific Fisheries Experimental 
Station, Vancouver B.C., Canada. 

The meetings will be held in the Jef- 
ferson Memorial Auditorium of the U.S. 
Department of Agriculture at 14 St. and 
Independence Ave. S.W. Interested scien- 
tists are invited to attend. Registration 
should be made in advance by writing 
for a registration card to the Interna- 
tional Conference on the Use of Antibio- 
tics in Agriculture, National Academy 
of Sciences—National Research Council, 
2101 Constitution Ave. NW, Washing- 
ton 25, D.C. There is no registration fee. 


#A symposium on the Physiopathology 
of the Reticulo-endothelial System was 
held 4-8 July at the Centre National de 
la Récherche Scientifique, Gif sur Yvette, 
France. This meeting was sponsored by 
the Council for International Organiza- 
tions of Medical Sciences, with participa- 
tion of the Unitarian Service Committee. 
Scientists from this country who at- 
tended were S. O. Byers, Harold Brunn 
Institute, San Francisco, Calif.; E. L. 
Dobson, Donner Laboratory, Berkeley, 
Calif.; P. F. Hahn, Cancer Research 
Laboratories, Nashville, Tenn.; J. H. 
Heller, New England Institute for Medi- 
cal Research, Ridgefield, Conn.; Lewis 
Thomas, New York University College 
of Medicine; and C, A. Doan, Ohio 
State University College of Medicine. 


Forthcoming Events 


September 


19-23. Fédération Internationale Phar- 
maceutique, 16th general assembly, Lon- 
don, Eng. (D. F. Lewis, Secy., Organizing 
Committee, FIP, 17 Bloomsbury Sq., 
London W.C.1.) 

20-23. American Roentgen Ray Soc., 
Chicago, Ill. (B. R. Young, Germantown 
Hospital, Philadelphia 44, Pa.) 

20-26. World Medical Assoc., 2nd con- 
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gress, Vienna, Austria. (L. H. Bauer, 345 
E. 46 St., New York 17.) 

22-23. Symposium on the Less Com- 
mon Metals, London, Eng. (W. J. Felton, 
Institution of Mining and Metallurgy, 
Salisbury House, London, E.C.2.) 

23-24. Symposium on the Biologic 
Effects of Microwaves, Rochester, Minn. 
(J. F. Herrick, Section of Biophysics, 
Mayo Clinic, Rochester. ) 

25-28. American Inst. of Chemical 
Engineers, Lake Placid, N.Y. (F. J. Van 
Antwerpen, AICE, 25 W. 45 St., New 
York. ) 

26-29. Assoc. of Iron and Steel Engi- 
neers, annual, Chicago, Ill. (Secretary, 
AISE, Empire Bldg., Pittsburgh 22, Pa.) 

26-30. International Dairy Federation, 
annual, Bonn, Germany. (IDF, 154, rue 
Belliard, Brussels, Belgium. ) 

26-30. Atomic Industrial Forum and 
Trade Fair, Washington, D.C. (C. Rob- 
bins, 260 Madison Ave., New York 16.) 

26-30. Colloquium on Deformation and 
Flow of Solids, Madrid, Spain. (H. L. 
Dryden, National Advisory Comm. for 
Aeronautics, Washington 25.) 

26-1. Endocrine Soc., 7th annual post- 
graduate assembly, Indianapolis, Ind. 
(Postgraduate Office, Indiana Univ. 
School of Medicine, Indianapolis 7.) 

27-1. International Symposium on Ana- 
logue Computers, Brussels, Belgium. (P. 
Germain, Institut de Physique Appliquée, 
Université Librede Bruxelles, Bruxelles. ) 

28-29. Industrial Electronics Conf., De- 
troit, Mich. (G. Ferrara, 8106 W. Nine 
Mile Rd., Oak Park 37, Mich.) 

28-30. Mississippi Valley Medical Soc., 
St. Louis, Mo. (H. Swanberg, 209-224 
W.C.U. Bldg., Quincy, Ill.) 

29-1. International Soc. of Vegetative 
Neurology, 6th annual symposium, Stras- 
bourg, France. (R. Fontaine, Univ. of 
Strasbourg Faculty of Medicine, Stras- 
bourg. ) 

30. American Medical Writers’ Assoc., 
St. Louis, Mo. (H. Swanberg, 209-224 
W.C.U. Bidg., Quincy, Ill.) 

30-1. Council for International Organi- 
zations of Medical Sciences, 3rd general, 
Paris, France. (J. F. Delafresnaye, 
CIOMS, 19, avenue Kléber, Paris 16°.) 

30-2. Indiana Geological Field Conf., 
8th, Clifty Falls State Park, Ind. (C. F. 
Deiss, Dept. of Geology, Indiana Univ., 
Bloomington. ) 


October 


1-9. International Food Fair, Cologne, 
Germany. (International Trade Fair Staff, 
USDA, Washington 25. ) 

3-6. Soc. of Exploration Geophysicists, 
25th annual, Denver, Colo. (C. Campbell, 
SEG, 624 S. Cheyenne, Tulsa, Okla.) 

3-7. American Inst. of Electrical Engi- 
neers, fall general, Chicago, Ill. (N. S. 
Hibshem, 33 W. 39 St., New York 18.) 

4-6. American Meteorological Soc., 
Stillwater, Okla. (K. C. Spengler, 3 Joy 
St., Boston 8, Mass.) 

4-6. International Assoc. of Milk and 
Food Sanitarians, Augusta, Ga. (H. L. 
Thomasson, IAMFS, Box 437, Shelbyville, 
Ind. ) 

6-8. Optical Soc. of America, Pitts- 
burgh, Pa. (A. C. Hardy, Room 8-203, 
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Massachusetts Inst. of Technology, Car- 
bridge 39.) 

6-8. Soc. of Industrial Designers, 11th 
annual, Washington, D.C. (S. G. Swing, 
SID, 48 E. 49th St, New York 17.) 

9-13. Electrochemical Soc., Pittsburgh, 
Pa. (H. B. Linford, 216 W. 102 St., New 
York 25.) 

9-14. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W. 
L. Benedict, 100 First Avenue Bidg., 
Rochester, Minn. ) 

10-12. American Acad. for Cerebral 
Palsy, annual, Memphis, Tenn. (R. A. 
Knight, AACP, 869 Madison Ave., Mem- 
phis 3.) 

10-12. American Oil Chemists’ Soc., 
Philadelphia, Pa. (Mrs. L. R. Hawkins, 
AOCS, 35 East Wacker Drive, Chicago 1, 
Ill.) 

10-12. National Prestressed Concrete 
Short Course, Ist, St. Petersburg, Fla. (A. 
M. Ozell, Civil Engineering Dept., Univ. 
of Florida, Gainesville. ) 

10-13. National Clay Conf., 4th, Uni- 
versity Park, Pa. (T. F. Bates, College of 
Mineral Industries, Pennsylvania State 
Univ., University Park. ) 

10-21. New York Acad. of Medicine 
Graduate Fortnight on Problems of Aging, 
New York (R. L. Craig, 2 East 103 St., 
New York 29.) 

11. Illinois State Geological Survey, 
50th anniversary, Urbana, Ill. (J. C. Frye, 
121 Natural Resources Bldg., Univ. of 
Illinois, Urbana. ) 

12-13. Symposium on Phospholipids, 
London, Ontario. (R. J. Rossiter, Dept. 
of Biochemistry, Univ. of Western On- 
tario, London, Ont.) 

13. Assoc. of Vitamin Chemists, Chi- 
cago, Ill. (M. Freed, 4800 S. Richmond, 
Chicago 32.) 

13-15. Indiana Acad. of Science, Notre 
Dame. (W. A. Daily, Eli Lilly and Co., 
740 South Alabama St., Indianapolis 6, 
Ind.) 

13-15, Canadian Physiological Soc., an- 
nual, London, Ontario. (J. M. R. Bev- 
eridge, Dept. of Biochemistry, Queen's 
Univ., Kingston, Ont.) 

14-15. National Soc. of Professional En- 
gineers, Memphis, Tenn. (K. E. Tromb- 
ley, NSPE, 1121 15 St., NW, Washing- 
ton 5.) 

16. American College of Dentists, San 
Francisco, Calif. (O. W. Brandhorst, 4221 
Lindell Blvd., St. Louis, Mo.) 

16-19. Soc. of American Foresters, Port- 
land, Ore. (H. Clepper, 425 Mills Bldg., 
Washington 6.) 

17-19. Detroit Institute of Cancer Re- 
search, 8th annual, Detroit, Mich. (Wm. 
L. Simpson, 4811 John R St., Detroit 1.) 

17-20. American Dental Assoc., annual, 
San Francisco, Calif. (H. Hillenbrand, 
222 E. Superior St., Chicago 11.) 

17-21. American Soc. of Civil Engi- 
neers, New York, N.Y. (W. N. Carey, 
ASCE, 33 W. 39 St., New York 18.) 

17-21, National Metal Exposition and 
Cong., Philadelphia, Pa. (C. L. Wells, 
7301 Euclid Ave., Cleveland 3, Ohio.) 

18. American Soc. of Safety Engineers, 
annual, Chicago, Ill. (J. B. Johnson, 425 
N. Michigan Ave., Chicago 11.) 

18. Oak Ridge Inst. of Nuclear Studies, 


council meeting, Oak Ridge,Tenn. (W. G. 
Pollard, P. O. Box 117, Oak Ridge.) 

18-19. National Acad. of Economics 
and Political Science, Washington, D.C. 
(D. P. Ray, Hall of Government, George 
Washington Univ., Washington 6.) 

18-20. Entomological Soc. of Canada 
and the Acadian Entomological Soc., an- 
nual joint meeting, Fredericton, New 
Brunswick. (R. H. Wigmore, Science Ser- 
vice Bldg., Ottawa, Canada.) 

18-21. American Dietetic Assoc., an- 
nual, St. Louis, Mo. (R. M. Yakel, ADA, 
620 N. Michigan Ave., Chicago 11, Ill.) 

19-21. Symposium on Applications of 
Radioactivity in Food and Food Process- 
ing Industries, Boston, Mass. (W. A. 
Stenzel, Tracerlab Inc., 130 High St., 
Boston 10.) 

19-21. International Conf. on the Use 
of Antibiotics in Agriculture, Washington, 
D.C. (H. I. Cole, National Research Coun- 
cil, Div. of Biology and Agriculture, 2101 
Constitution Ave., Washington 25, D.C.) 

20-21. National Noise Abatement Sym- 
posium, 6th annual, Chicago, Ill. (R. W. 
Benson, Armour Research Foundation, 
Illinois Inst. of Technology, Chicago. ) 

22. American Mathematical Soc., Col- 
lege Park, Md. (AMS, 80 Waterman St., 
Providence 6, R.I.) 

22-24. American Heart Assoc., 28th an- 
nual scientific session, New Orleans, La. 
(Medical Director, AHA, 44 E. 23 St., 
New York 10.) 

24-26. National Conf. on Standards, 
6th, Washington, D.C. (G. P. Paine, ASA, 
70 E. 45 St., New York 17.) 

24-27. International Anesthesia Re- 
search Cong., Washington, D.C. (W. 
Friend, 515 Nome Ave., Akron 20, Ohio.) 

24-1. International Council for the Ex- 
ploration of the Sea, annual, Copenhagen, 
Denmark. (General Secretary of Council, 
Charlottenlund Castle, Charlottenlund, 
Denmark. ) 

25-30. American Ornithologists’ Union, 
Boston, Mass. (H. F. Mayfield, 2557 
Portsmouth Ave., Toledo 13, Ohio.) 

27-28. New Mexico Acad. of Science, 
Albuquerque. (C. C. Hoff, Dept. of Biol- 
ogy, Univ. of New Mexico, Albuquerque. ) 

27-29. Electron Microscope Soc. of 
America, University Park, Pa. (Miss J. R. 
Cooper, General Electric Co., Lamp Div., 
Nela Park, Cleveland 12, Ohio.) 

27-29. Gerontological Soc., Baltimore, 
Md. (N. W. Shock, Baltimore City Hos- 
pitals, Baltimore 24.) 

27-29. American Ceramic Soc., 8th 
Pacific Coast Regional, Seattle, Wash. (C. 
S. Pearce, 4055 N. High St., Columbus 14, 
Ohio. ) 

28-29. Conf. on Rare Earths in Bio- 
chemical and Medical Research, Oak 
Ridge, Tenn. (G. C. Kyker, Oak Ridge 
Inst. of Nuclear Studies, P.O. Box 117, 
Oak Ridge. 

28-30. American Soc. for Aesthetics, 
Chicago, Ill. (J. F. White, Western Re- 
serve Univ., Cleveland 6, Ohio.) 

31-1. East Coast Conf. on Aeronautical 
and Navigational Electronics of Inst. of 
Radio Engineers, Baltimore, Md. (G. R. 
White, Bendix Radio Div., Bendix Avia- 
tion Corp., Towson 4, Md.) 

31-5. Conf. on Solar Energy, Scientific 
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truly sophisticated and important book” 
ENERGY AND SOCIETY 

The Relation Between Energy, Social Change, and 
Economic Development 


By FRED COTTRELL, Miami University, Oxford, Ohio. 


The statesman in conference, the sociologist in his library, the 
anthropologist or historian, the scientist in the laboratory, and 
everyone today, faces the basic question of the future of man 
and his civilization. To this question, and to many more of 
vital concern to us at this time, Professor Cottrell indicates an 
answer, fascinating and perhaps surprising to the reader. 


Here is a rare adventure in original thought. In this significant 
new work the author shows how fuels and their converters have 
influenced social, economic, and political development in the 
past, and indicates some of the probable effects of changes in 
the nature and amounts of energy in the future. It is an at- 
tempt to analyze in terms of one key factor—energy forms and 
expenditures—the rise of Western Civilization and the con- 
trasts between contemporary western societies and the under- 
developed societies. 


OTHER IMPORTANT 
McGRAW-HILL BOOKS 


NEW TEXTS 
NATIONAL NUCLEAR ENERGY SERIES 


THE METALLURGY OF ZIRCONIUM 
Edited by BENJAMIN LUSTMAN, West- 
inghouse Electric Corporation; FRANK 


H. KERZE, JR., A.E.C., Washington, D.C. 
Division VII, Volume 4—794 pages, $1 0.00 
This outstanding volume presents an account 
of the occurrence, reduction, refining, proper- 
ties, and uses of zirconium and zirconium al- 
loys. The text, written by more than 50 con- 
tributors, is as complete as the quality of the 

available data permits. 


PRODUCTION OF HEAVY WATER 
Edited by GEORGE M. MURPHY, New 
York University 
Division 111, Volume 4F—412 pages, $5.25 
This text is the most complete treatment pos- 
sible under existing regulations on classified 
information. It describes the research and de- 
velopment of large-scale production of water 
with the heavy nitrogen isotope known as 


348 pages 


330 WEST 42ND STREET 


$6.00 Deuterium, necessary in one of the important 


methods of U2%° production. 


MCGRAW-HILL BOOK COMPANY, 
ss NEW YORK 36, N. 


SEND FOR 
COPIES ON 
APPROVAL 


Basis, Tucson, Ariz. (31-1 Oct.) ; World 
Symposium on Applied Solar Energy, 
Phoenix, Ariz. (1-5 Nov.). (M. L. Kas- 
tens, Stanford Research Inst., Stanford, 
Calif.) 


November 


1-3. Enzymes: Units of Biological 
Structure and Function, International 
Symposium, Detroit, Mich. (C. E. Rupe, 
Henry Ford Hospital, Detroit 2.) 

1-5. World Symposium on Applied 
Solar Energy, Phoenix, Ariz. (M. L. 
Kastens, Stanford Research Inst., Stan- 
ford, Calif.) 

2-4. American Documentation Inst., 
annual, Philadelphia, Pa. (S. Rosenborg, 
Library of Congress, Washington 25.) 

2-4. Society of Rheology, annual, New 
York. (W. R. Willets, Titanium Pigment 
Corp., 99 Hudson St., New York 13.) 

2-4. Symposium on Antibiotics, 3rd an- 
nual, Washington, D.C. (H. Welch, Div. 
of Antibiotics, Food and Drug Admin., 
U.S. Dept. of Health, Education, and 
Welfare, Washington 25.) 

2-5. American Soc. of Tropical Medi- 
cine and Hygiene, Boston, Mass. (J. E. 
Larsh, Jr., School of Public Health, Univ. 
of North Carolina, Chapel Hill.) 

3. American Federation for Clinical Re- 
search, Midwestern, Chicago, Ill. (R. J. 
Glaser, Barnes Hospital, 600 S. Kingshigh- 
way, St. Louis 10, Mo.) 

4-5. Kentucky Academy of Science, 
Frankfort, Ky. (Mary E. Wharton, 
Georgetown College, Georgetown, Ky.) 
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5. Committee for the Scientific Study 
of Religion, Cambridge, Mass. (R. V. Mc- 
Cann, Andover Hall, Harvard Univ., 
Cambridge 38.) 

6-7. American Soc. for the Study of 
Arteriosclerosis, 9th annual, Chicago, IIl. 
(O. J. Pollak, P.O. Box 228, Dover, Del.) 

6-13. International Cong. of Allergol- 
ogy, Rio de Janeiro, Brazil. (F. Alves, 
Avenida Rio Branco 277, 7° andar, Rio 
de Janciro. ) 

7-9. Assoc. of Military Surgeons of the 
United States 62nd annual, Washington, 
D.C. (AMSUS, 1726 Eye St., NW, Wash- 
ington 6.) 

7-9. Eastern Joint Computer Conf., 
AIEE, IRE, ACM, Boston, Mass. (I. 
Travis, Burroughs Res. Center, Paoli, Pa.) 

7-9. Geological Soc. of America, an- 
nual, New Orleans, La. (H. R. Aldrich, 
419 W. 117 St., New York 27.) 

7-9. Mineralogical Soc. of America, 
New Orleans, La. (C. S. Hurlbut, Jr., 12 
Geological Museum, Oxford St., Cam- 
bridge 38, Mass. ) 

7-9. Paleontological Soc., New Orleans, 
La. (K. E. Caster, Dept. of Geology, Univ. 
of Cincinnati, Cincinnati 21, Ohio. ) 

7-9. Soc. of Economic Geologists, New 
Orleans, La. (O. N. Rove, Union Carbide 
and Carbon Corp., 30 E. 42 St., New 
York 17.) A 

8. Assoc. of Geology Teachers, New 
Orleans, La. (R. L. Bates, Dept. of Geol- 
ogy, Ohio State Univ., Columbus 10.) 

9-13. International Symposium on Tu- 
berculosis in Infancy and Childhood, 


Denver, Colo. (L. S. Smith, National 
Jewish Hospital, 3800-4100 E. Colfax 
Ave., Denver 6.) 

10. Assoc. of Vitamin Chemists, Chi- 
cago, Ill. (M. Freed, 4800 S. Richmond, 
Chicago 32.) 

10-11. American Philosophical Soc., 
Philadelphia, Pa. (L. P. Eisenhart, 104 S. 
5 St., Philadelphia 6.) 

10-12. American Astronomical Soc., 
Troy, N.Y. (J. A. Hynek, McMillin Ob- 
servatory, Ohio State Univ., Columbus 
10.) 

10-12. American College of Cardiology, 
4th, Memphis, Tenn. (P. Reichert, Ameri- 
can Coll. of Cardiology, Empire State 
Bldg., New York 1.) 

11-12. Inter-Society Cytology Council, 
3rd annual, Cleveland, Ohio. (P. F. 
Fletcher, 654 N. Grand Ave., St. Louis 
3, Mo.) 

13-18. American Soc. of Mechanical 
Engineers, 75th annual, Chicago, Ill. (C. 
E. Davies, 29 W. 39 St., New York 18.) 

14-16. Technical Conf. on Electrical 
Techniques in Medicine and Biology, 8th 
annual, Washington, D.C. (T. Rogers, 
Machlett Laboratories, ,.1063 Hope St., 
Springdale, Conn. ) 

14-17. International Automation Expo- 
sition, 2nd, Chicago, Ill. (R. Rimbach As- 
sociates, 845 Ridge Ave., Pittsburgh 12, 
Pa.) 

14-18. New England Inst. for Hospital 
Administrators, 7th, Boston, Mass. (D. 
Conley, ACHA, 620 N. Michigan Ave., 
Chicago 11, 
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GARCEAU ELECTROENCEPHALOGRAPHS 
A.C. Operated No Batteries 
Inkless Writing Require no Shielding 

Shipped Ready to Run Prompt Delivery 


THE JUNIOR GARCEAU 
ELECTROENCEPHALOGRAPH 
A simplified inexpensive instrument for recording electrical 
potentials of the brain. Built-in interference eliminators per- 
mit use anywhere. Inkless records—no photography or fim 
develo ment required. Instantaneous localization with any 
2 of the 10 leads. Price $575.00 complete. 


All Garceau Electroencephalographs operate en- 
tirely from the 115 volts 50 or 60 cycle power lines. 


ELECTRO-MEDICAL LABORATORY, INC. 
SOUTH WOODSTOCK 2, VERMONT 


there 
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HEMI: 


Saw ing No-Sceus © 
Ped fort oboratory 
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Here are eight 
distinct reasons 
why Haemo-Sol 
is the preferred 
cleaner for labora- 
tory glassware. 


* Completely Soluble 

* Leaves No Residue 

* Fully Haemo-Digestive 

* Lower Surface Tension 

* Scientifically Formulated 
* Controlled pH 

* Multiple Laboratory Uses 
* Greater Economy 


for literature and samples 
write today tw: 


MEINECKE & COMPANY, INC. 


225 Varick St. 


New York 14, N. Y. 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 


OF COMPLEX COLLOID SYSTEMS, AND FOR 


THE CONTROL OF PRODUCTION OF 


PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 


179 EAST 87TH STREET 
NEW YORK, N. Y. 
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GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the AAAS Atlanta Meeting 
by first class mail — early in December 


The General Program-Directory of the 122nd Meeting of the AAAS in Atlanta, Georgia, Dec. 
26-31, 1955, will be available to anyone, at cost, within the first week in December—whether he can 
attend the Meeting or not. You will want the General Program-Directory for your reference shelf. 


Program content Directory content 


1. The four-session symposium, “Atomic Energy and Agri- 1. AAAS officers, staff, committees for 1955. 
culture,” arranged by ORINS. 
2. The three-session program of the International Geo- 


2. Complete roll of AAAS presidents and their fields. 
physical Year. 3 
4 


. The more than 265 affiliated organizations. 
3. An AAAS-sponsored “Congress” on the shortage of youn ; “—* 4% 
scientists . Historical sketch and organization of the Association; 


4. Programs of the 17 AAAS sections (symposia and con- the Constitution and Bylaws. 
tributed papers). . Publications of the Association. 

5. Programs of the more than 60 participating societies. 

6. The Special Sessions: AAAS, Academy Conference, Con- 


5 

6. AAAS Awards and Grants—including all past winners. 

ference on Scientific Editorial Problems, National Geo- 7 
8 

9 


graphic Society, Phi Beta Kappa, RESA, Sigma Xi. 
7. Details of the Municipal Auditorium—center of the Meet- 
ing—and hotels and campuses. 
8. Titles of the latest foreign and domestic scientific films 
to be shown in the AAAS Science Theatre. 10 
9. Exhibitors in the 1955 Annual Expositio Science an ots 
Industry and alot at Gale ewhibiee of Science and 11. New and current activities of the AAAS. 


. Section committees (Council members) in detail. 
. Local committees. 


. Future Meetings of the AAAS through 1962. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You 
receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions you particularly wish 
to attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY — 


la. O Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, and all 
privileges of the Meeting. 


lb. E Enclosed is $1.50 for only the Program-Directory. (It is understood that, if I should attend the Meeting later, the 


ais so is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
(Check one 


(Please print or typewrite) (Last) (First) 


3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


5. YOUR FIELD OF INTEREST 


6. CONVENTION ADDRESS 


(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1025 Connecticut Avenue, N.W., Washington 6, D. C. 
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4. OFFICE OR HOME ADDRESS 
(For receipt of Program-Directory) “ 
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PHOTOVOLT Electronic pH METERS 


A complete line of pH meters incorporating modern electronic tubes and circuits, 
simple in operation and maintenance, featuring sealed amplifier plug-in units. 


Line-Operated Model 115 


® Single range 0-14, scale length 4’, accuracy 0.05 pH unit. 
® Fully stabilized for wide range of line voltage fluctuations. 
@ Unprecedented in compactness and low price of 


Write for Bulletin 4225 


Line-Operated Mode! 110 


® Single range 0-14, scale length 7, accuracy 0.02 
* Available also with shielded compartment, with base board and 
carrying hood, with bottles additional price $60.—. 


Write for Bulletin £105 $185.— 
Battery-Operated Model 125 


® Single range 0-14, scale length 5/2", accuracy 0.03 pH unit. 
Only 3 batteries, standard radio type, of service. 
® Carrying frame for instrument, beckers, bottles, price $20. -_ 
Stabilized power supply unit ilabl 
from 110 volt AC line, price $48.— 


Write for Bulletin #118 $145.— 


Battery-Operated Model 125-B for Blood pH 


® Scale length 234", expanded five-fold for blood pH tests. 
® Accuracy 0.01 in pH 6-8 range, 0.05 in pH 2-12 range. 


Write for Bulletin #122 


$165.— 


Prices include PHOTOVOLT glass electrode and calomel electrode. 
Electrades of other makes usable, adapters available. 


MADISON AVENUE, N. Y. 16, N. Y. 


AMINO ACIDS 


A complete selection of more than 
160 Amino Acids. 


ea Pre-tested for rigid specification 


adherence to assure highest pos- 


sible purity for exactitig require- 


ments of Biochemical Research. 


21010 MILES AVENUE 


19 AUGUST 1955 


INVESTIGATIONAL 


USES 


Typical Amino Acids 
GAMMA BUTY pac ACID 


L 
DL DIHY DROXYPHENYLALANINE 
GLUTAMINE 
HOMOC YSTEINE 
HYDROXY-1-PROLINE 

METHIONINE, 
METHIONINE, SULFONE, SULFOXIDE 
PHENYLALANINE, D, DL, I 


TRYPTOPHANE, D, pi, L 
VALINE, D, DL, L 


(August 1955) 


OVER 1500 ITEMS 
Write Dept. #102 


WRITE FOR Serie 
NEW CATALOG 


NUTRITIONAL BIOCHEMICALS 


c oR PORATION 


CLEVELAND 28, OHIO 
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The MARKET PLACE 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


4)!!! SUPPLIES AND EQUIPMENT 


GERMAN CAMERAS and special equipment for micro- and technical photography 
or for the hobbyist. Import your own. Save retailers, importers profits. (About 
35%). Pay postman duty. Examples: — 

EXAKTA. The only completely versatile 35mm. camera. With: — 
Automatic diaph. Zeiss Tessar F2.8 $159. (duty $22.) 
Automatic diaph. Isco Westanar F2.8 $139. (duty $19.) 
Automatic diaph. Schneider Xenon F1.9 $195. (duty $26.) 
Automatic diaph. Zeiss Biotar F2.0 $199. (duty $26.) 

Similar prices all other famous makes. All new. Latest 1955 production in 
original factory packing. Parcelpost and insurance included. No other charges. 
Pre-payment through bank and inspection on arrival guarantees you complete 
satisfaction before we are paid. Experienced, (and objective) advisory service, 
(please specify interests and requirements), and pricelists by return airmail. 
All transactions on money-back basis. WORLDPOST. TANGIER, MOROCCO. 


SUPPLIES AND EQUIPMENT 


CONSISTENT RATS & MICE 


All animals antibiotic free 
BUDD MT. RODENT FARM 
CHESTER, N. }. 


Breeders of a recognized strain 
of Wistar rats and W. S. mice 


THE GME TRANSFERATOR MAKES 
ONE SPECTROPHOTOMETER 
DO THE WORK OF FOUR! 


write for details 


DRIED SNAKE VENOMS 


highest quality venoms from wild snakes milked only once 
ROSS ALLEN REPTILE INST., silver springs, florida 


HOLTZMAN RAT CO. 


. offering immediate delivery of rats, 
both sexes, in close age & weight groups. 


Rt. 4, Box 205 Madison 5, Wisc. 
Phone: Alpine 6-5573 


NOW OVER 


CHEMICALS | 


@ Indole-3-valerianic Acid 
@ B-Indolylbutyronitrile 


@ 8-Hydroxytetra- 
hydroquinoline 

@ Hydroxytetronic Acid @ Indoxyl 

@ Ichtozyme 

@ Idose, d 


@ Imidazole-4,5- 
dicarboxylic Acid 


@ Indane 


@ Indoxy! Potassium 
Sulfate 


@ Inosine Triphosphate 
(Barium Salt) 


@ lodine Pentafluoride 


@ 1,3-Indanedione © lodine Trichloride 


@ Indican Glucoside 
«-lodoacetoacetic 
Acid Ethyl Ester 

2-lodothiophene 


@ 3-lodotyrosine (Sodium 
Salt) 


@ Indigo Trisulfonate 
@ Indole-3-acetaldehyde 
@ Indole-3-acetonitrile 


@ Indole-3-ethylamine 
Hydrochloride 


@ Indole-3-pyruvic Acid 


@ Iridium Nitrate 
@ Fluoride 


Ask for our new 
complete catalogue 


Gre. 


17 West 60th St. New York 23, N.Y. 
Ploza 7-817) 


REPAIRS’ 
POLARIMETERS of any MAKE 


Complete Reconditioning 
Adjustment of Optical System 


O. C. RUDOLPH & SONS 


Manufacturers of Optical Research & Control Instruments 
CALDWELL, N. J. 


P.O. BOX 446 


VISCOSITY 


a factor in your product? 


SAVE MONEY WITH 
THE HOEPPLER 


Here’s an instrument that pays for it- 
self over and over again! How? By 
assisting in per and 
manufacture — and by eliminating 
costly errors in viscosity control. 

Operating on the falling-ball 
principle, the Hoeppler Viscosimeter 
has an accuracy of 0.1% to 0.5%. 
Even gases as well as liquids, oils, 
plastics, syrups, viscous tars, etc., can 

measured, Only a small sample 
(30cc) is required, and the results are 
consistent and reproducible. 

The Hoeppler Viscosimeter is now 
serving manufacturers in many fields 
—food, chemical, ceramic, plastic, 
etc. It belongs in any laboratory where 
viscosity is a factor in the manufac- 
ture or sale of a product. 


Write for Bulletin HV-303, 
which gives complete details 


Manufactured by FISH-SCHURMAN CORP. 
74 Portman Road, New Rochelle, N. Y. 


FALLING 
BALL 
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PHYSICS 


FOR INSTRUCTORS AND STUDENTS 
IN COLLEGE PHYSICS 


These helpful, time saving direction sheets comprise 


SELECTIVE EXPERIMENTS PHYSICS 


155 experiments in physics at the college level. The 
following are the more recent additions to the list: 
E 14b__— Horizontal Intensity of the Earth’s Magnetic Field 


E 15b Measurement of Magnetic Field Strength and 
Magnetic Moment of a Magnet 


Calibration of a Thermocouple 


STATISTICS OF NUCLEAR COUNTING E 42b 


E 45b-=_ Calibration of an Ammeter and a Voltmeter with 
a Slide-wire Potentiometer 


SELECTIVE E 46b_ Calibration of a Thermopile with a Slide-wire 


Potentiometer 
E 47b Measurement of Potential Difference with a 


i? 
; 


2-Meter, Slide-wire Potentiometer 
E 48b Measurement of Potential Difference with a 
11-Meter, Slide-wire Potentiometer 


E 49b Student Potentiometer —Calibration of Ammeter 
and Voltmeter 


E 53b Ohm's Law 
E 55a__—siRessistors in Series and in Parallel 


E 73b _— Distribution of Magnetic Lines of Force Near the 
Surface of a Bar Magnet 


E Reactance; Impedance; Electric Resonance 
E 10lab Construction of Voltmeters and Ammeters 
E 101b Ammeters and Voltmeters 


*E 102ab Measurement of Resistance and Power by the 
Voltmeter-Ammeter Method (Secondary Level) 

E 102b Resistance and Power by the Voltmeter-Am- 
meter Method (College Level) 

L 3lab Reflection and Refraction 

L Refraction at a Single Plane Surface 

N1lb Experiments in Radioactivity 

N 2lb Statistics of Nuclear Counting 


ASK FOR FREE SAMPLE 
“Single Sheet Experiment .05 each. All double sheets excepting * .08 each 


Write for Pamphlet SEP-1 in which is listed suggested equipment and supplies for 
Selective Experiments in Physics. 


. 


CENTRAL SCIENTIFIC COMPANY 


MAIN OFFICE — PLANT — CENCO INTERNATIONAL CIA. 


1718-M IRVING PARK ROAD + CHICAGO 13, ILLINOIS 


BRANCHES AND OFFICES — CHICAGO NEWARK BOSTON 


eratory supplies in the world 


WASHINGTON DETROIT SAN FRANCISCO SANTA CLARA LOS ANGELES 


CENTRAL SCIENTIFIC CO. OF CANADA, LTD. (and Hendry Division) 
TORONTO MONTREAL VANCOUVER OTTAWA. 


REFINERY SUPPLY COMPANY — TULSA HOUSTON 


Oo 
Oo 
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MICROSCOPES LEAD THE TREND 


TOWARD CONVENIENCE 


Only AD puts 
ALL 4 


Coarse adjustment way up— 
fine adjustment way down 
and too close to the body. 


Fine adjustment high and too 
close to coarse adjustment. 
Mechanical stage adjustments 
low and out of sight. 


WITHIN THE 
ZONE OF 


CONVENIENCE 


Here today — in AO Microscopes — is the crowning 
achievement in the long evolution toward convenient 
centralization of microscope controls. No matter at 
what angle you tilt the microscope, coarse adjustment, 
fine adjustment, revolving nosepiece, and mechanical 
stage movements are all within effortless reach. 

Placed a little lower, the fine adjustment would be 
uncomfortable to operate — a little higher and it would 
crowd the coarse adjustment. 

You'll find similar examples of AO Design Perfec- 
tion in the dust-proof nosepiece, “pinch-grip” mechan- 
ical stage, “autofocus”, custom tension adjustment, 
built-in full field illumination and many other details. 
Test the numerous advantages of AO Microscopes 
yourself. Ask your AO distributor for a demonstration 
or write Dept, T3. 


American Optical 


INSTRUMENT DIVISION 


surface 15, 
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